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Some of the problems presented by the carcinogenic 
substances that have been extracted from human tis- 
sues will be solved only when these compounds have 
been chemically identified and assayed. At the present 
time very difficult questions have been raised by the 
fact that the substances have been found in the tissues 


sample of 67 human livers, 1 in 5 contain detectable 
carcinogens. 

It would not be very satisfactory to “explain” on a 
fortunate chance encounter of “1 in 5” why Schabad 
(9, 10), who was the first to open this line of investi- 
gation, found a benzene extract of a noncancerous 





from some patients dead of cancer but not in others, _ liver to be inactive while the benzene extract of a can- 


TABLE I: ReEsuLTS OF EXPERIMENTS OF KLEINENBERG, NEUFACH AND SCHABAD (9, 10) 


No. of mice Tumor site 
= = — * 








Material used Initial 8 months ‘Injection Other 
1. Benzol extract of 41 cancer livers * 179 108 a 62 
2. Benzol extract of 26 noncancerous livers 9] 54 0 13 
3. Control 634 389 0 40 
4. Unsaponifiable fraction of 9 cancer livers x 7 27 13 | 3 
Rv 23 16 0 5 
Benzol extract of lung (unsap.?)% 
5. 19 Cancer cases Rv 67 46 l 25 
x 28 15 0 3 
6. 20 Noncancer cases Rv 44 26 0 6 
* 7 32 0 4 


*In this and subsequent tables “cancer liver’? denotes liver from subjects dead of cancer of any tissue or organ other than 
liver. “‘Noncancer liver’? denotes liver from subjects dead of any cause other than cancer. 

+x and Rv represent two different strains of mice. 

t It is not clear in the text whether the unsaponifiable fraction or the crude extract was used. 


and further, in the tissues of some subjects dead of 
diseases other than cancer, and again not in others. 
The admirable work of Steiner (13, 14, 15) shows 
that about 20 per cent of the livers of human subjects 
who died of cancer or some other cause contain car- 
cinogenic substances. This result disposes of any 
simple or direct relation between the presence of the 
substances and the incidence of cancer in the subject. 
Of particular value is Steiner’s work in examining 
each tissue extract separately using a separate batch of 
experimental animals. Thirty-seven livers from cancer 
patients yielded 8 active extracts (22 per cent) while 
6 of 30 livers from noncancer patients gave active 
extracts (20 per cent). This is to say that, in a 


cerous liver was active, or why Sannié, Truhaut and 
Guérin (12) found the combined unsaponifiable frac- 
tion of 2 cancerous livers to be active but the unsaponi- 
fiable fraction of 2 noncancerous livers to be inactive. 
But it might explain results obtained in this laboratory 
(8) where the unsaponifiable fractions of some livers of 
cancer subjects were highly active’ while similar 
preparations from other cancer livers were inactive. 
Other possible explanations will be referred to later. 
The essential features of the experiments of these 
workers and of Menke (11) have been collected in the 
tables below, (Tables I to V). 


1In one experiment 8 sarcomas at the site of injection de- 
veloped in 11 mice which survived 11 months. 
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Extracts of the livers of cancerous and of noncan 
cerous Bantu natives have been found by des Ligneris 
(5) in Johannesburg to be carcinogenic. He obtained 
25 tumors, 7 of them malignant in some hundreds of 
mice by painting the skin with a solution of the 
unsaponifiable fraction of the livers. The unsaponi- 
hable fraction of livers of cancerous or noncancerous 
Kuropeans did not produce skin tumors in mice. 


fantr Tl: 


Material used 


|. Unsap. of 8 cancer livers (pooled) 
2. Unsap. of 7 noncancer livers (pooled) 


5 
3. Unsap. of 37 cancer livers (tested separately); 8 were found active 2 “ 4560 * 


tained factors inhibitory to carcinogenic action, or re 
course must be made to the random distribution ob. 
servations of Steimer, 

Remote tumors.——A number otf workers have viven 
attention to the tumors arising at sites other than at 
the place of injection; here again Steiner's results, in 
opposition to those of Schabad and Sannié and their 
co-workers, show little difference in tumor production 


Resttis or Experiments or Sremer (13-15) 


Sarcomas at 
injection site 
1? in 56 mice 14/30 * 
63 “ 17/54 
274 (12 ms.) 


4. Unsap. of 30 noncancer livers (tested separately); 6 were found 


active 
5S. Benzene extract of a cancer liver 
6. Benzene extract ot Il cancer livers 
A. Ether soluble fraction 
B. Ether insoluble fraction 
C. Unsap. fraction of A, 
. Unsap. of 4 human cancers 


lO“ 44000" 277 (12 ms.) 


8S. Unsap. of 10 human cancers —large part of cholesterol removed 


by crystallization 
9. Sesame oil control 


ie 4) 16/26 
a 2 10/14 
:* & = 41/66 
fH - © 12/17 
a: 6 32/42 
() _— = 7/35 
{) ‘ |X sé 


Survivors 


after 
12 ms, 
10. Heated sesame oil (350° C,) oe . 9 
11. Fat from overtricd meat *- FB * 19 
12. Unsap. from 11 7“ * & 
13. Same meat as 11 but excess fat removed by acctone extraction, ;* 2 1s 
residue extracted with benzene: benzene extract 
4. Unsap. fraction from 13 eaten iia 7 
5. Numbers 1 and 2 into rats, no tumors 
* Fractions: Numerator = tumors of lung, lymphatic tissue, mamma, uterus, ovary or liver, in survivors. Denominator survivors 


at 6 months. 


Tasce Ill: Resurtrs or EXPERIMENTS OF SANNIE, TRUHAUT AND 
Guerin (12) 
. Tumors at 
injection Stte 


Mice —“—“—-—rx 
mean None, Hemor- 
Initial Sar- rhagic Other 
Material used 12 months coma cyst sites 
1. Unsap. of 2 cancer livers 25 20 6 12 6 
2. Unsap. of 2 noncancer 
livers 25 20 0) 5 3 
3. Olive oil control 25 15 0) () | 


Aptekman, King and Lewis (2) used a benzene ex- 
tract of a rat tumor which had been produced by a 
carcinogenic hydrocarbon and had been grafted 
through more than 20 generations. They obtained 5 
sarcomas in 28 rats and also 2 sarcomas in 24 rats in- 
jected with a benzene extract of the livers of the 
original rats which bore the grafted tumors. 

Menke’s results in his third experiment are difficult 
to explain except on the assumption that the extract- 
able fat from the breast diluted the extract from the 
tumor, or that the still normal part of the breast con- 


Taste IV: Resuvrs or Experiments or Hircer (8) 


Sarcomas 
Mice p Nomar 

/ At site of 
injection 


—---— 
Initial 1 year 


l. Unsap. of 3 cancer livers 28 17 1] 
2. Unsap. of Bantu livers * 30 19 > 
3. Ether extract of 2 cancer livers 37 (baby = 14 2 
mice ) 
4. . ; ; ; ; 17 (not / 0) 
baby 
mice) 
5. Benzene extract of 4 cancer 
livers 60 15 () 
6. Unsap. of 3 cancer livers 27 18 0 
7. Unsap. of 3 noncancer livers 40 19 0) 


oe « 


303 142 0) 


* For this material which was sent by air I am indebted to 
Dr. des Ligneris of the South African Institute for Medical 
Research. 


. Lard (7.e., solvent) controls 


between preparations from the livers of cancerous and 
those from noncancerous subjects, and also surpris- 
ingly little difference between preparations that were 





_ 
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active in producing local sarcoma and those which 
were TnL five, 

Effect | saponification, 
find that 
gives an 
removes, it any rate in the case of liver, nine-tenths 


Schabad, and also Menke, 
simple extraction of tissue with fat solvents 
live preparation, while saponification which 


of the total extractable “fat” fails to give a product of 
increased potency. Thus no hint is given whether the 
agent belongs to the fatty plycerides and phospholipins 
or to the sterols. Stemer on the other hand found that 
in one scrics Of experiments 15 livers pooled in two 
groups oO! 7 and & gave strongly carcinogenic un 
saponifiable fractions, but the benzene extracts of 1] 
pooled cancer livers were inactive. It would be very 
curious if the first two groups (7 and 8 livers) hap 
pened to contain one or more of the active livers 
which occurs once in 5 while the third group of 11 
livers did not contain a single “I in 5” liver. Alterna 
tive explanations would be that saponification concen 


‘Tante V: 


(a) 
(Soxhlet 
extraction) 


Material used 4 solvents 


|. Breast cancer, tumor alone; 3 extracts from 

3 tumors 7/36 ° 
2. Cancerous breast after removal of tumor; 

2 extracts from 2 breasts ()/33 
3. Breast cancer whole, 2.¢., breast +- tumor; 

2 cases 0/18 
4. Noncancerous breast; 4 cases 0/54 
5. Rectal cancer 0/15 
6. Osteogenic sarcoma (femur) 1/12 


* Fractions: Numerator == number of sarcomas produced. 
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Resuirs or EXPprRIMENTS OF 


Denominator 
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tion. In Menke’s experiments and in one of Steiner's 
neither (a) nor (b) was active, hut in Steiner's over 
fricd meat experiment (No. 14) the unsaponifiable 
fraction was inactive but the simple benzene extract 
produced one sarcoma. Thus, while Steiner and 
Hlieger showed that saponification nearly always gives 
products of higher potency than does simple extrac- 
tion, one critical test (based on a single positive result) 
suypests the reverse. Menke tries to compromise by 
proposing that there are two agents, one in the saponi 
fable part and one in the unsaponifiable. 

Minimum number of mice.—I\t may be noted that 
much depended upon the single sarcoma just men 
tioned. Hlow often does one see the bald announce- 
ment without comment of a single sarcoma being pro- 
duced by a tissue extract or a sterol derivative? Such 
results emphasize the sensitiveness of one particular 
animal rather than the carcinogenic potency of a ma- 
under test. The assessment of the 


terial activity of 


Menke (11) 

(hy) (ce) () (ej 
lneap. Digritonacle Non-digitonide Non-carbony! 
of (a) fraction fraction fraction 
/1% )/6) )/67 
0/22 \/18 + 
{)/ if 
0/6 


number of mice. 


1 Made from the extract of a separate breast, not that used for (a) and (hb). 


trated the agent by removing inactive fats, or that the 
active agent is an artifact. 

Steiner's preparations were obtained by somewhat 
drastic means, namely saponification with potash at 
the boiling point for 18 hours. Such treatment might 
conceivably form a carcinogen from a precursor or 
might destroy a carcinogen already present, but since 
all of the 67 livers were treated in the same way the 
evidence is in favor of a very stable carcinogen, present 
infrequently (namely 1 in 5). It may be possible in 
the future to apply less drastic methods to the analysis 
of tissue fats, such as chromatography or the cen- 
trifugal molecular still. 

In experiments carried out here, 2 sarcomas were 
produced in 37 mice injected from the second day 
after birth with an ether extract of cancer liver. (The 
same extract injected in 17 mice 7 weeks old produced 
no tumors.) Menke and Steiner carried out the ob- 
vious test of using the same preparation for making 
(a) the simple extract and (b) the unsaponifiable frac- 


materials is satisfactory in proportion to their potency. 
In this kind of work the assumption is made that the 
animals used for testing have uniform susceptibility 
distribution yet everyone knows this to be far from 
the case. 

In the papers of Bryan and Shimkin (3, 4) evidence 
is given that even in pure strains of mice great varia- 
tions become obvious when the stimulus is near the 
threshold of potency (Table VI). 

It will be seen from the tables that 0.005 mgm. 
1,2,5,6-dibenzanthracene gave tumors in 4 per cent of 
animals in tests by Dobrovolskaia-Zavadskaia, in 8 to 
9 per cent in tests by Bryan and Shimkin and was in- 
active in the tests by Lettinga. Even less satisfactory 
is the result with benzpyrene, where 2 mice out of 81 
responded to 0.00195 mgm., but 40 did not respond to 
a dose 4 times as great, 19 mice to one 8 times and 16 
to a dose 16 times. How many mice are necessary to 
ensure that a proportion of the very sensitive individ- 
uals are present in any group of animals? In other 
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ee, 


TasLe VI: Variations IN Response oF MIcE TO CARCINOGENS words, how is the sensitivity distributed? These ues. 





Mean _‘Ulons are certainly in need of investigation. 
Investigators and No.of Tumor Tumors hems of Furthermore the survival rate during the course of 
aaa anon mice = mice percent months the tests adds an additional source of complexity in 
DOCROVRAARaememenats assessing the potency of material. It would be ey. 
1,2,5,6-Dibenzanthracene pected that those series yield tumors where the mice 
01 = mgm. 328 37 11 live exceptionally well and therefore are exposed to 
pal fe a - 4 | the material for the longest time and indeed some eyj- 
00125 be wal - “_ dence for this view is afforded by the writer’s ex. 
perience (Table VIII). 
LETTINGA The survival rate of the positive series would have 
a been further improved if the mice that did develop 
en 10 < s 43 tumors had not been killed prematurely. However, a 
25 “ 10 g 80) 38 number of animals in Steiner's series that lived excep. 
1.0 ’ 10 9 90) 3.6 tionally well produced no tumors. 
ae ; “ - “ 3.6 The data from Bryan and Shimkin’s papers (3, 4) 
0.125 ‘ “ = = yor show that the hydrocarbons even at threshold dilution 
0.05 “ 1) 4 40 7 3 produce tumors in about 9 months, yet tissue car- 
0.0125 “ 20 | 20 8.0 cinogens often require a latent period of about 18 
0.005 : 20 0 0 — months (see Tables VI and VII), suggesting that dif- 
iittala ferent processes are involved in carcinogenesis by the 
two types of agent. Experiments where dilutions of 
ead feeble carcinogens like 3,4-benzphenanthrene were 
“ — na - a ~- used would give results of the greatest interest, espe- 
0.25 Be I 71 100 > 9 cially since a prolonged latent period is characteristic 
0.125 “ 2] 71 100 33 of most human spontaneous cancer. 
0.062 - 21 17 80 3.9 
0.031 J 20 13 65 9.2 Tue Possrpitiry oF CONTAMINATION 
0.0156 “ 18 6 33 4.6 
0.0075“ 17 3 18 7.0 Atmospheric contamination, 7.¢e., benzpyrene in 
— , soot, as a possible factor in the preparation of active 
oo, fractions from tissues must be considered. Very little 
9 a >] 16 76 38 benzpyrene is required for sarcoma production (of the 
4 “ 70 17 85 38 order of from 50 to 2 pgm.) and although such a 
2 19 19 100 3.7 quantity is not very likely to be found in the soot dust 
I : 22 22 100 3.6 which is deposited on the materials, solvent and ap- 
A : “ a “ ~ paratus during an experiment, nevertheless further in- 
0.125 . 73 71 9] 45 vestigation on this matter should give interesting 
0.062 “ 0 0 100 5.1 results. For example, some nonfluorescing benzene was 
0.03 ‘ 21 16 76 6.3 exposed in a beaker to the air near this Institute, 
0.0156 * 1) 6 32 6.0 which is situated in a smoky part of London. After 
antl . = ; 7 s a about an hour the benzene was tested in ultraviolet 
light and it was found not only that the solution be- 
3,4-Benzpyrene came fluorescent but this fluorescence gave distinctly 
g mgm. 7] 0 95 3 the spectrum bands of 3,4-benzpyrene. 
4 19 16 84 3 The search for carcinogens in liver was pursued 
; 5 = ~ = i here during 1937, 1938 and 1939 in the building 
0.5 i 19 19 1003.9 where the carcinogenic hydrocarbons were discovered 
0.25 “ 71 14 67 44 and first synthesized, and in the very laboratory (see 
0.125 i 19 15 79 5.1 footnote 1) where potent crystalline preparations of 
0.062 —* 20 4 20 9.8 3,4 benzpyrene were first elaborated from pitch in 
oe a ~~? 9 1930-32. In 1939 we moved to a fresh building 200 
0.0078.“ 40 0 0 a yards from the old laboratories, and the first two ex 
0.00195 “ 81 2 25 84 tracts tested, z.e., the unsaponifiable fraction of 3 cat 


*C3H mice were used by these investigators. 


cer and of 3 noncancer livers, gave negative results. 
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Tasbee VIL: ‘Tissue CarcinoGcens, Larenr Periop in Mons 
Figures represent new tumors 
Months 
Inves'igators, and tissues eae . : - — , 
used by them 5 6 7 & 9 10 11 1213 1415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 Total 
Steiner 
Cancer livers (8 pooled 
livers) poe 2's PF £2 12 
Noncancer livers (7 pooled 
livers) ~ | | 5 
Cancer livers (37 livers 
tesicd separately ) 4 4 2 i 42 
Noneancer livers (30 livers 
tested separately) 5 2 | | 10 
Kleinenberg, Neufach, and 
Schabad | 2 | 4 
Sanni¢, Truhaut, and Guérin | I J J 6 
Hieger 
Table IV (> £ @ I | ~s2 2°32 9 18 
Tables X and XI 1 2 ] 1 | 4 . 
75 


Taste VII: Survivat Time in RELATION ‘ro TUMOR 
PRODUCTION 
Surviving mice 
mm 2 3 
-+- ve — ve Lard 
series * series | control f 
No. of mice at start 73 329 100 
Percentage at start 100 100 100 
” “ 10th month 76 4% 62 
‘11th " 70 44 59 
* 12th “ 63 39 59 
** 13th a“ 54 33 45 
“ 14th _ 52 29 20 
“15th zy 44 22 14 
* 16th os 38 1% 6.6 
‘“ 17th - 33 14 6.6 
‘* 18th y 26 10 6.6 
‘* 19th a 18 8 6.6 
* 20th 12 6.4 4.4 
“ 21st " 10 4.6 4.4 
“ fae Cl* 4 2./ 4.4 
“ine |” 1.7 —- 4.4 
“24th “* — —- 3.3 
* Series 1. Mice injected with liver extracts where tumors were 
produced. 
t Series 2. Mice injected with liver extracts where tumors 


were not produced. 

t Series 3. Controls using solvent alone. This batch of 100 mice 
were living at approximately the same time as series 1 and 2. 
They represent the first 100 of the total controls (303 mice) in 
Table IV. The survival rate at 12 months is in both groups sur- 
prisingly similar (59% and 47%) considering the numerous dis- 
turbing factors which might have produced a different result. 


The identification of the carcinogen in liver will be 
necessary in order to exclude the possibility of acci- 
dental contamination. 

It is not intended to convey the impression that 
aerial contamination by benzpyrene alone can explain 
the positive results with tissue fractions. Contamina- 


tion by benzpyrene may be one of the factors involved 
but there is no evidence that any such contamination 
occurs. None of the other workers in this field, whose 
results are tabulated above, have ever suggested that 
contamination occurred in their experiments, and one 
has of course no evidence of any such _ possibility. 
Some evidence can be adduced in favor of the opposite 
view; thus some liver preparations made in the old 
laboratory were inactive. A somewhat similar problem 
presented itself to Earle (7) who found that in experi- 
ments on carcinogenesis in tissue cultures the controls 
for some reason also showed carcinogenic changes and 
he concluded that contamination with methylcholan- 
threne had occurred. He states, “The laboratories in 
which this work was carried out are in the same build- 
ing with other laboratories and animal rooms where 
large amounts of methylcholanthrene and similar car- 
cinogens were handled. The design of the air condi- 
tioning and heating system of the building is such that 
there has been some trace recirculation of used air 
from many rooms, in some of which the carcinogen 
was certainly handled. Because of insufficient knowl- 
edge of the activity of low concentrations of methy]l- 
cholanthren: and other carcinogens in tissue culture, 
the hazard of such trace contamination from this 
source also cannot be evaluated at present, although it 
is felt that its possible significance must not be over- 
looked. . . . As the most probable explanation of the 
alterations in the control cultures and as a working 
basis for further study, the hypothesis is advanced that 
a trace contamination of methylcholanthrene occurred 
in spite of all precautions taken.” 

It may be recalled that Liebermann after having 





062 





once prepared a particular crystalline modification of 
cinnamiuc acid was unable to prepare alternative forms 
since enough molecules of the first varicty were lett 
in the laboratory to seed his solutions. 

The experimental bacteriologist can at least sterilize 
his apparatus and material. How much more dithcult 
is the task of those who wish to detect minute traces 
of carcinogens. 

MATERIAL 


FRACTIONATION. OF UNSAPONIFIABLI 


FROM LISSUES 


Technic (a).—Although the first 6 liver prepara- 
tions tested in the new building of this Institute failed 
to produce tumors, experiments were set going on the 
fractionation of the crude unsaponifiable material. 
Owing to the very long latent period before tumors 
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appear in this work it was necessary to start new eX. 
periments long before information from. previous ey. 
periments was available. “This plan was justified later 
in the light of Steiner's results, for even if a consider 
able proportion of the livers did not contain detectable 
carcinogen yet there might be an active lives among 
them if a sufficiently large number were worked up 
together. Then by fractionating the pooled Unsapon 
Hable traction, either a fraction might be obtained con. 
taming the larger part of the active substance or jt 
might even be possible to identify the compound itself. 
In either case a knowledge of the physical and chem- 
ical properties of the active fraction. or compound 
would have obvious advantages since its identification 
and estimation by physicochemical means in any par. 


ticular tissue might require only a few days’ work in- 


Frow SnHerr | 


| liver (average 1400 gm.); minced, 


350 em. solid potash 
and 1 1. aleohol added. 
Retluxed on water 


bath about hrs. 


Cooled, total volume about 24 1. 
Divided into 2 portions, each shaken 
with c. 14 1. ether in a 4 I. 
ether extracts combined 


| 


1 


separator, 


| 
ether extract (1) 
distilled water added ver\ 
gradually tll separation 
just obtained 


ether laver (2) 


| 
dark red brown watery part (1) 
shaken out with 


(3) and (4) 


ether layers 


watery part (5) 


hardly colors ether 
| rejected 
watery part (2) 
can now be shaken with 


c. 13 1. ether cther layer (5) 


| 


ether layer (3) watery part (3) 
when shaken with 
ether hardly colors 
ether layer 


| 
ether layer (4) watery layer (4) 


rejected 


all ether layers combined washed 
and dried = A (see Flow Sheet 2) 
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Viow Siren 2 

Crude unsaponifiable matter (A) 
(usually buttery, semu-crystalline 

orange, pleasant oily-aromatic smell 
yield 5-10 yin. per liver) 

resapomified with aleoholie potash, 
refluxed in stream of Ny for 45 minutes 


unsaponifiable, 2nd stage (B) 
extracted with boiling methyl alcohol 


MeOH] insoluble MeOH ‘ xtract 
dark red-brown cooled to 10)” 
oily resin and filtered 

(() | 


! 


| 
lO’ CG. erystals 
(mainly cholesterol 
about 85%) | 
([)) 10” Cy. filtrate 
cooled to 60 


and filtered! 


} 


ee” C. prypot 60° C. filtrate 
(cholesterol poores adjusted 90%, MeOH: 10% aq. 
quality than I)) extracted with pet. ether 
' (E) 
| 
pet. ether extract pet. ether insoluble 
(== hydrocarbons) (—- OH compounds, 
(F) vitamin A) 
(G) 


TaBLE IX: FRACTIONATION OF UNSAPONIFIABLE MATERIAL 


Noncancer Cancer Noncancer Cancer 

fraction livers livers lung-kidney-muscle lung-kidney-muscle 
No. of human subjects 4 4 16 10 
Weight of tissue c.6kgm. c.6kgm.  c.34 kgm. c. 19 kgm. 
Crude unsap. A 22 gm. c.30gm. 72 gm. 72 gm. 
After 2nd sapon. B 40 gm.from50gm.A 30 gm. (from 34 gm. A) 23 gm. from 28% gm 
McOH insoluble C 7 ”™ trace “ ™ small amount Salat = 

weight unknown 

— 10° Crystals D ia » * 22 gm. “ ” 15 gm. (from 34 gm. A) 13 
— 60° ppt. E > * _— = = ” . ae ss ms 3 
Pet. ether soluble F ) on ] a mo . 2 , Vy 15 
90% MeOH “ G — ).25 “ —”.hlCU 7 0.6 “ 2% ss 0.5 


stead of an animal test lasting 1 or 2 years and pro- in preparing Vitamin A concentrates from liver. It 
vided, as unfortunately does not always occur, that was suggested by Dr. Mead of the British Drug 
sufficient mice survived the long latent period. Houses, Ltd., to whom we are much indebted. The 

The unsaponifiable matter from liver was first frac- steps are indicated in the two Flow Sheets and in 
tionated by a much simplified form of the technic used Table IX. 
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Soon after this work had been begun Schabad re- 
ported the production of a tumor in a mouse with an 
extract not of liver but of the lung of a subject dead of 
cancer. In the experiments carried out here it was 
decided that in order to obtain enough material for 
working up the unsaponifiable fraction, a mixture of 
the larger organs and tissues other than liver might 
be used. Lungs, kidneys and skeletal muscle were re- 
moved at necropsy and treated together in the same 
way as liver. 

Little attention was given to the particular type of 
cancer involved. The immediate aim was to find the 
physicochemical nature of the active substance al- 
though the possibility remained that different tissues 
might contain different carcinogens. Noncancer ts- 
sues were from elderly or middle aged subjects dead of 
any cause other than cancer. 

The livers or other tissues were placed in the cold 
room as soon as possible after removal from the body. 
They were usually saponified on the next day but 
sometimes 2 or 3 days elapsed between death and the 
working up of the tissues, by which time they were 
usually frozen solid. The survival rate of the active 
substance in dead tissue is unknown but a compound 
which will withstand boiling alcoholic caustic potash 
for 3 hours is not very likely to be decomposed by 
tissue enzymes near freezing point. 

Some of Steiner’s active preparations survived 18 
hours’ boiling with potash. Fatty esters can however 
be saponified at room temperature by the use of 
sodium ethoxide in a mixture of alcohol and ether and 
of course the avoidance of powerful reagents is de- 
sirable. Hence experiments have been begun where 
livers are saponified at room temperature for 18 hours 
then for 3 to 4 hours at 45° C. The second saponifica- 
tion consists of 30 minutes’ refluxing in a stream of N» 
with alcoholic potash. 

Controls —1. Control experiments where the solvent 
(lard) alone is injected have already been referred to. 
No tumors have been obtained in some hundreds of 
mice which have been treated by exactly the same 
technic as is used for tissue fractions. 

2. Tests are in progress to see if carcinogens are 
produced as artifacts during saponification, since two 
workers (Steiner and Hieger) found that activity was 
increased by this process, or more exactly the un- 
saponifiable fraction of livers has proved much more 
carcinogenic than crude fatty extracts. Alcohol, and 
especially industrial spirit, contains traces of acetalde- 
hyde which is resinified by alkali and this resin, being 
soluble in ether, would be found in the unsaponifiable 
fraction. In three experiments, distilled spirit, distilled 
alcohol and alcohol to which acetaldehyde had been 
purposely added were refluxed with potash for 3 hours 


in quantities adjusted to imitate the conditions of liver 
saponification. The mouse test on the products has 
now been in progress for 20 months. 

3. Cholesterol undergoes oxidation in alkaline soly. 
tion. 10 gm. of cholesterol obtained from British 
Drug Houses, Ltd., 7. ¢., about twice as much as con- 
tained in a human liver, was refluxed with potash and 
(a) alcohol and (b) spirit in a control experiment, no 
liver tissue being present. The mouse test on the prod- 
ucts has now been in progress for 14 months. 

4. The active fraction (D, Flow Sheet 2) consists 
largely of cholesterol. Commercial cholesterol was 
therefore injected into mice in suspension in lard of 
25 per cent concentration, One hundred and thirty- 
two mice of 5 different strains have been treated and. 
although many died early in the experiment, a single 
C57 mouse developed a typical spindle cell sarcoma at 
the site of injection in 11 months. This tumor has 
now reached its 16th generation and grows with un- 
usual speed for, if allowed, it will become as large as 
the mouse in a month. 

Technic (b)—No polycyclic hydrocarbons were 
allowed in the laboratory. As has been pointed out 
earlier, some aerial contamination by soot or other 
carcinogenic substances was practically unavoidable 
owing to the position of the Institute and the labora- 
tory. Where practicable, apparatus and materials were 
protected from atmospheric dust by the plentiful use 
of clean paper covers during the experiments. Glass- 
ware and other apparatus was cleaned with household 
abrasive, alcoholic potash, H.SO, conc., alcohol, ether 
and finally distilled ether. Solvents were distilled over 
eosin which could be detected in the distillate by 
ultraviolet fluorescence if traces were sprayed over. It 
was found that a fractionating column has to be lightly 
stuffed with glass wool before the invisible spray of 
distilland can be stopped. Solid reagents were not to 
be so easily purified; they were used at analytical re- 
agent quality and washed with distilled ether when 
required. Nevertheless all such precautions were ob- 
viously far from perfect. 

Injection —As far as possible the fractions were in- 
jected in solution in lard at 15 per cent concentration 
except where little of a fraction was available and 
economy had to be exercised. Injections were made 
subcutaneously in the flank, either 0.1 cc. or 0.2 cc. 
fortnightly, the object being to maintain a reservoir of 
material which could be felt through the skin as a soft 
nodule. In some cases, after 5 or 6 injections no fur- 
ther injection was needed for a year or more; in other 
cases the reservoir had to be replenished more fre- 
quently. 

Experimental mice—Unless otherwise stated, the 


mice used in all the work described in Tables IV, IX 








Hieger—Carcinogenic Substances in Human Tissues 665 





—E7_—7—7£mH7™"™ 





and \. and for testing the fractions in Flow Sheet 2 SARCOMA PropuUCTION 
were ‘nixed commercial stock of unknown heredity ob- 
taine:! from the same source. In the middle of the war 
these nice began to suffer serious epidemic losses, and 
the sine befell strains obtained from the Lister Insti- 
tute «nd the Medical Research Council. C3H mice, 


The control series receiving lard only have so far 
yiven negative results but some of the tests are still in 
progress. The results obtained with the various frac- 
tions of unsaponifiable material are given below 
(Tables X and XI). The tumors were spindle cell 
although highly sensitive to carcinogens applied sub- sarcomas at the site of injection. The negative result 
cutancously (1), seem to be easily poisoned by the — with fraction D of noncancer liver is noteworthy and 
fractions; moreover the females are lost early owing this test will be repeated. With 1 exception the tumors 
to mammary carcinoma. (7 out of 8) occurred in the series injected with frac- 

In the search for some more resistant strain the C57 tion D (see Flow Sheet 2) irrespective of its origin, i.c., 


TABLE X: SARCOMA PRODUCTION BY SUBFRACTIONS OF UNSAPONIPIABLE Fracrion 


Iraction Surviving mice (months) 
(see Flow —-/ -—_----__—__— : 
Tissue Sheet 2) () 3 6 9 }? 15 18 21 24 »7 20 33. 36 Tumors 
Noncancer 

Liver D 20 15 12 1] 6 3 3 () 
I 15 y 7 5 5 3 2 () 
I 15 10 10 9 6 6 6 4 J 0) 

Lung-kidney-muscle B 16 16 16 15 |? 10 5 3* ] 
I)! 25 15 15 14 14 & * 2 1? @g 2 
hk 10 10 10 10 10 Ne) 6 3 ] | 0) 
I 10 10 10 10 10. g 7 4 ] 0 
G 5 5 5 5 5 5 4 ] | 0) 

Cancer 

Liver C 10 10 y) y) & 6 4 3 2 0) 
I) 10 10 10 10 Y 6 * 4* 3 3 0) 2 
FE 10 & K K & 6 3 3 0) 
7 10 10 9 7 6 4 4 2 0 

Lung-kidney-muscle iF 15 15 15 15 14 1] 6 5 2 () 
C34 10 9 8 & 0) 
[DD ° 25 16 15 14 @** § 5° 0) 3 
E 10 10 10 10 9 9 7 4 ] () 
I 10 9 y) 6 6 6 6 0) 
G 5 5 5 4 3 3 2 2 0) 


* Appearance of tumor. 
** Mice were of mixed stock. 
‘Being tested on 15 C57 mice also; 8 survived 12 months. 
2 Being tested on 9 C57 mice also; 7 - a ” 
3 Being tested on 5 C57 % C3H hybrids; 0 survived 12 months. 


C57 mice are, however, not entirely resistant to cholesterol-rich fractions, for 3 sarcomas have been obtained in experiments which 
will be described in a forthcoming publication. 


blacks were bred here and used extensively. These whether the tissue was liver or lung-kidney-muscle or 
mice, which are placed fourth in order of sensitivity whether the tissue was from cancerous or noncan- 
to carcinogenic hydrocarbons by Andervont, have now _ cerous subjects. Moreover the activity of the 3 fractions 
been used here for over 2 years but they do not give was of the same order but the precise significance of 
the impression of being remarkably sensitive to tissue this similarity is unknown for the conditions of the 
carcinogens. Tests with the original fractions that test may be such that large relative differences in 
gave sarcomas in ordinary stock have now been in agent do not effect proportionate differences in 
progress for 22 months without result. Of late the potency. 

original mixed stock have been bred in the laboratory Cholesterol estimations on fractions D, from dif- 
while excluding all outside sources, have developed ferent sources, by digitonin precipitation give figures 
into a race of large, beautifully healthy animals, and ranging from 74 to 92 per cent cholesterol, which are 
are now being tested with the tissue fractions. probably rather high since the digitonin method does 
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not distinguish between cholesterol and other 3(8)- 
hydroxysteroids. Dr. Shoppee (personal communica- 
tion) working with a large sample (30 gm.) of 
D-fraction finds a cholesterol content of 85 per cent 
based on the isolation of chromatographically pure 


cholesteryl acetate, m.p. 115° [a] < = — 43.6°+1°. 

This fraction, D, will be considered then to have a 
cholesterol content of about 85 per cent; it contained 
no saponifiable material and was a somewhat waxy 
crystalline powder, pale straw or orange colored, and 
obviously not homogeneous, for the colored part seemed 
to be unevenly adsorbed on the white part. It remains 
to be determined whether the active. substance is pres- 
ent in small amount adsorbed onto the cholesterol dur- 
ing crystallization, or whether along with the choles- 
terol are crystallized appreciable amounts of allied 








TABLE XI: SARCOMA PRODUCTION WITH CRYSTALLINE, 
CHOLESTEROL-RICH FRACTION D 
| Tumors 
Mice at r —- 
Latent 
12 period, 
Tissue months months Number months 
Noncancer 
Lung-kidney-muscle 25 14 2 15, 24 
Cancer 
Lung-kidney-muscle 25 10 3 14, 15, 20 
Cancer 
Liver 10 9 2 16, 19 
Noncancer 
Liver 20 § 0 


sterols or sterol derivatives, among which is the factor 
whose identity is required. Possibly the cholesterol 
itself, which makes up the larger part of this fraction, 
is by no means inert in sarcoma production and the 
tumor may be the end result of the combined activity 
of more than one compound. Thus the carcinogenic 
activity of benzpyrene is increased when cholesterol is 
added according to the results of experiments by 
Dickens and Weil-Malherbe (6) where solutions of 
the hydrocarbon with and without cholesterol were 
painted on mice. The chemical constitution of the 
compounds associated with cholesterol contained in 
fraction D is being investigated by Dr. Shoppee in this 
Institute, who will publish his results shortly. 

Subfractions of this fraction are undergoing tests in 
mice. 


SUMMARY AND CONCLUSIONS 


1. Previous work is reviewed. 

2. Attention is drawn to the main difficulties in this 
investigation: (a) The low potency of human tissue 
carcinogens as indicated by the prolonged latent period. 





(b) The sporadic occurrence of these substances 
(Steiner). (c) The uncertainties with regard to “sus. 
ceptibility” of the experimental mice. 

3. A technic of fractionation of unsaponifiable ma- 
terial from tissues is described. 

4. A sarcoma-producing fraction has been obtained 
trom mixed lung-kidney-muscle of cancerous and non- 
cancerous human subjects, and from the liver of can- 
cerous’ patients. 


5. In all three cases the carcinogenic substance js 
tound in the cholesterol-rich fraction of the unsaponi- 
hable material. This fraction is a crystalline mixture 


of compounds containing on the average about 85 per 
cent cholesterol. 
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Multiple Peritoneal Sarcoma in Rats from Intraperi- 
toneal Injection of Washed, Ground TJaenia 
larvae 
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« (Received for publication July 13, 1946) 


Published reports (1, 2, 3, 4) show that sarcoma is 
an almost inevitable complication of infestation of the 
liver or the subcutaneous tissues of rats with Cystr- 
cercus fasciolaris, the larva of the common tapeworm 
of the cat. The present experiments demonstrate that 
an active agent is present in washed, freshly ground 
parasites. 


MATERIALS AND METHODS 


Living parasites were removed from uninvolved 
cysts of rats with and without gross Cysticercus tumors, 


TABLE I: THE NuMBER OF RELATED AND UNRELATED RATs IN 


number of parasites used to make the suspension, and 
the number of rats which were injected. The next 
tour columns show the number of rats which survived 
the minimum latent period in 2 categories, that is, 
those related to the hosts of the parasites from which 
the suspension was made and those which were un- 
related to the hosts of the parasites, and in each case 
the numbers which were positive. The final 3 columns 
show the minimum, maximum and average latent 
period in days. In 8 separate experiments 320 parasites 
were used to make the saline suspension which was 


EACH EXPERIMENT WuicH DEVELOPED MULTIPLE PERITONEAL 


SARCOMATA FOLLOWING INTRAPERITONEAL INJECTION OF A SALINE SUSPENSION OF WASHED, GROUND Taenia LARVAE OBTAINED 
FROM UNINVOLVED Cysts oF Rats witH Cysticerctis SARCOMA, AND THE MINIMUM, MAXIMUM AND AVERAGE LATENT PERIODs. 


Related rats 
Sa en —— 











Unrelated rats 


A 
A ee ——— 


\ 





Over Over 
Number Total minimum minimum latent period in days 
of rats latent Number latent Number $$$ A$$, 
Date larvae injected period positive period positive Minimum Maximum Average 
Apr. 12, 1939 10 10 3 3 7 0 59 61 60 
Nov. 11, 1939 104 38 19 19 19 2 30 94 63 
Jan. 26, 1940 56 16 8 6 8 ] 37 94 77 
Feb. 1, 1940 60 16 8 7 8 ] 50 239 110 
Mar. 8, 1940 32 2 2 2 () 0 23 23 23 
Mar. 19, 1940 15 3 l ] 0 0) 45 
July 11, 1940 14 5 3 2 2 2 99 219 147 
July 21, 1944 29 13 12 11 0 0 60 410 143 
Total 320 103 56 51 44 6 23 410 9 


washed in large volumes of sterile saline, cut in frag- 
ments, ground in a mortar and suspended in saline. 
The saline suspension was injected into the peritoneal 
cavity of uninfested rats related to the hosts of the 
parasites and also into unrelated rats. Multiple peri- 
toneal sarcomata and mesothelioma were observed 
within 23 to 787 days following injection. 


RESULTS 


The results are summarized briefly in Tables I and 
II. The data presented in Table I deal with experi- 
ments in which the larvae were obtained from unin- 
volved cysts of rats bearing Cysticercus sarcoma. The 
first 3 columns give the date of the experiment, the 


injected into 103 rats. Of the rats which survived the 
minimum latent period, 56 were related to the hosts 
of the parasites and 44 were unrelated. Among the 
related rats 51 or 91 per cent developed multiple peri- 
toneal sarcomata 23 to 410 days after injection and 6 
or 14 per cent of the unrelated rats developed peri- 
toneal sarcomata. The average latent period of the 
entire group was 89 days. 

The results are similarly tabulated in Table II for 
the experiments in which the parasites were obtained 
from rats showing no gross tumors. In 8 experiments, 
359 parasites were used to make a saline suspension 
which was injected into the peritoneal cavities of 59 
rats. Of the rats which survived the minimum latent 
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the cause of death, since the rats at death showed gross 
involvement of the entire diaphragm, omentum, 
mesentery and the peritoneal surfaces of the abdom- 
inal wall and capsules of the liver, kidney, spleen 
and other organs. Typical examples are shown in 


perio’, 35 were related to the hosts of the parasites 
and !> were unrelated. Twenty-two or 63 per cent of 
the i:lated rats developed multiple peritoneal sarco- 
mata in 10 to 787 days after injection. None of the 
unrciated rats of this group developed tumors. The 
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Fic. 1.-—Rat with multiple peritoneal sarcoma, 62 days after injection of washed freshly ground Taenia larvae. 
Fic. 2.—Rat with malignant mesothelioma, 410 days after injection of washed freshly ground Taenza larvae. 
Fic. 3.—Section through omental sarcoma shown in Fig. 1. Mag. * 500. 
Fic. 4.—Section through omental tumor shown in Fig. 2. Mag. & 500. 


average latent period was 286 days or more than 3 Figs. | and 2. In the latter, the firm yellowish tumor 





times the average for the experiments in Table I. In 
the first experiment shown in Table II, the 3 injected 
rats died 10 days after injection and 2 of those were 
found by microscopic examination to have early fibro- 
sarcomata. In all other cases the tumors were probably 


tissue was arranged in thickened cords and sheets, 
giving the gross appearance of a malignant mesothe- 
lioma. Sections through the omental tumors in each 
case are shown in Figs. 3 and 4. 

The procedure was varied in the different experi- 
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ments in order to further elucidate the conditions 
under which the active agent could be demonstrated 
and this in part accounts for some of the variation in 
latent period. For example, in the experiment under 
Feb. 1, 1940 in Table I, 6 rats were injected with 
whole larva suspension, while 6 other rats received the 
supernatant fluid after the suspension had been cen- 
triftuged at a moderate speed for 10 minutes; 4 rats 
received the sediment which was washed once by 
suspending it in saline, centrifuging at low speed, and 
then resuspended in saline. The latter sediment was 
tound to consist chiefly of the characteristic calcium 
carbonate corpuscles which are normally present in 
the coelomic fluid of the larvae. In each group half 
of the rats were related to the hosts of the parasites 
and the others were unrelated. The 3 related rats 


TABLE II: 


jection. The high pH of the injected material was 
thought to be the cause of death of these rats. All 
experiments with desiccated, fractionated and filtered 
larvae have been negative and larvae frozen at — 10° 
C. and stored at 4° C. for 2, 3, and 4 months have 
also proved negative. 


SUMMARY AND CONCLUSIONS 


1. There appears to be an active agent present in 
washed, ground Taenia larvae which is capable of 
initiating multiple peritoneal sarcomata when injected 
into the peritoneal cavities of rats. 

2. The agent is either more effective or else more 
abundant in parasites obtained from uninvolved cysts 
of hosts bearing induced Cysticercus sarcomas. 


THE NuMBER OF RELATED AND UNRELATED Rats IN EacH EXPERIMENT WuicH DevELOPED MULTIPLE PERITONEAL 


SARCOMATA FOLLOWING THE INTRAPERITONEAL INJECTION OF A SALINE SUSPENSION OF WasHED, GrounD Taenia LARVAE 
OBTAINED FROM Rats witH No Gross TuMoR, AND THE MINIMUM, MAXIMUM, AND AVERAGE LATENT PERIODs. 


Related rats 
AL 


and wa 


Unrelated rats 











a 





Over Over 
Number Total minimum minimum Latent period in days 
of rats latent Number latent Number rn 
Date larvae injected period positive period positive Minimum Maximum Average 
Mar. 8, 1940 31 3 3 2 0) 0 10 10 10 
July 17, 1940 28 6 4 4 0) 0 379 7 87 633 
July 19, 1940 38 5 4 ] 0 0 249 
July 24, 1940 18 4 4 l 0 0 617 
July 25, 1940 20 + 2 l 0 0 702 
July 25, 1940 54 6 + 2 0 0 410 459 435 
Apr. 22, 1941 76 15 6 5 8 0 119 223 178 
Apr. 29. 194] 94 16 8 6 7 0 60 76 69 
Total 359 59 35 22 15 0 10 787 286 


which received the whole larvae suspension developed 
multiple peritoneal tumors in an average of 89 days, 
1.e., 63, 95, and 110 days, respectively. One of the un- 
related rats in this group developed multiple peritoneal 
tumors in 239 days. The 2 related rats which received 
the supernatant fluid developed tumors in 112 and 148 
days, respectively, and the 2 related rats which received 
the centrifuged sediment, chiefly calcium carbonate 
corpuscles, developed tumors in 37 and 56 days, re- 
spectively. In the experiment under date of July 25, 
1940 (Table II), the larvae were suspended in 0.3N 
acetic acid in an attempt to neutralize the natural 
alkalinity of the ground larvae, and in most instances 
this procedure prolonged the latent period or de- 
stroyed the activity completely. Solution of the cal- 
cium carbonate corpuscles in acetic acid or prolonged 
washing of the fresh larva sediment in saline destroyed 
the activity completely. In a few experiments all of 
the injected rats died within 24 hours after the in- 


3. Rats of the same inbred line as the host from 
which the parasites are obtained respond more quickly 
and more frequently than unrelated rats. 

4. The active agent appears to be associated with 
the calcium carbonate corpuscles of the parasite. 
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Observations on the Carcinogenicity of 1,2,3,4-Dibenzo- 
phenanthrene and Its 9-Methyl and 10-Methy]1 
Derivatives” 


Paul N. Harris, M.D., and Charles K. Bradsher, Ph.D. 


(From the Lilly Research Laboratories, Eli Lilly and Company, Indianapolis 6, Indiana, and the 
Department of Chemistry, Duke University, Durham, North Carolina) 


(Received for publication June 10, 1946) 


In 1940 Badger et al. (1) reported that 1,2,3,4-di- 
benzophenanthrene was carcinogenic for mice when 
applied by painting the skin twice weekly with a 0.3 
per cent solution in benzene, or by subcutaneous injec- 
tion of 2.5 to 5 mgm. doses in 0.2 cc. of sesame oil, 
with repetition of the injection at intervals of 3 to 
5 weeks according to the rate of disappearance of the 
quantity given previously. Of 20 mice painted with 
the compound, 5 developed cutaneous papillomata 
within a period of 212 to 258 days, and 8 developed 
cutaneous carcinomas within the same period. Of 30 
mice that received the compound subcutaneously (the 
number of injections and the total dose administered 
were not stated), 5 developed sarcomas within a 
period of 144 to 185 days, and one other developed a 
spindle celled tumor of doubtful malignancy. The 
authors did not report upon methyl! derivatives of this 
compound. 


METHODS 


In our experiments, suspensions of 1,2,3,4-dibenzo- 
phenanthrene and of its 9-methyl and 10-methyl! deriva- 
tives were injected subcutaneously into young mice of 
the New Buffalo strain. This strain has been main- 
tained by inbreeding in the Research Laboratories of 
Eli Lilly and Company since 1940, and was obtained 
from Dr. William S. Murray, of the New York State 
Institute for the Study of Malignant Diseases. A ratio 
of 100 mgm. of hydrocarbon to | cc. of menstruum was 
used. Tricapryllin was first employed as the suspend- 
ing agent, but when our supply was exhausted, the 
ethyl ester of sesame oil was substituted. No difference 
in results attributable to this substitution could be 
detected. No mouse received a second injection. 

The usual dose of 1,2,3,4-dibenzophenanthrene and 
of its 10-methyl derivative was 5 mgm. However, 8 
mice received 10 mgm. and 2 received 15 mgm. of the 
parent compound; and | mouse received 15 mgm., | 





*Presented at the 37th Annual Meeting of the American 
Association for Cancer Research at Atlantic City, New Jersey, 
March 11, 1946. 
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received 40 mgm., and 2 received 50 mgm. of the de- 
rivative. As anyone who has tried to inject such a 
suspension knows, these figures are not absolutely 


2,3,4- 
DIBENZOPHENANTHRENE 


9 METHYL -1,2,3,4- 
DIBENZOPHENAN THRENE 


10 METHYL -1, 2,3,4- 
DIBENZOPHENAN THRENE 


CH3 


Fic. 1.—Structural formulas of 1,2,3,4-dibenzophenanthrene 
and its 9-methyl and 10-methyl derivatives. 


accurate, but they are close approximations. The dose 
of the 9-methyl derivative varied widely; 850 mgm. 
were injected into 32 mice, and some received very 
large doses. The structural formulas of these com- 
pounds are shown in Fig. I. 
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| 2,3,4- DIBENZOPHENANTHRENE 
AGE OF MICE WHEN TUMOR WAS NOTED 
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10 20 30 40 50 WEEKS 
AGE OF MICE TUMOR-FREE AT DEATH 
| 3 | j L l J) 
10 20 30 40 50 60 WEEKS 
9 METHYL -1,2,3,4-DIBENZOPHENANT HRENE 
AGE OF MICE AT DEATH 
f j | i | { j 
10 20 30 40 50 60 WEEKS 
10 METHYL -1,2,3,4 -DIBENZOPHENANTHRENE 
AGE OF MICE AT DEATH 
‘ i | j | j j 
10 20 30 40 50 60 WEEKS 


Fic. 2.—Graphical record of results of injections of 1,2,3,4-dibenzophenanthrene and its 9-methyl and 


10-methyl derivatives. Each horizontal line represents 1 mouse. 
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RESULTS 


Twenty-six mice were injected with 1,2,3,4-dibenzo- 
phenantirene, and 19 ultimately developed tumors. 
One animal developed epidermoid carcinoma at the 
site of injection after a latent period of 26 weeks, and 
3 developed both epidermoid carcinoma and sarcoma 
at the sic of injection after latent periods of 25, 26, 
and 42 weeks. The other 15 mice developed sarcomas 
after laicnt periods of 10, 14, 15, 16, 19, 21, and 26 
weeks. his is shown in Fig. 2, in which each hori- 
gontal line represents | mouse. The sarcomas, in gen- 
eral, were uniform in structure and were composed of 
fusiform cells arranged in bundles and whorls. Giant 
cells were relatively uncommon in most tumors, but 
were abundant in a few. Mitoses were usually numer- 
ous, and invasion of the abdominal muscle and of the 
panniculus carnosus was common. All these tumors 
appeared to be of fibroblastic origin. Fourteen mice 
developed ulcers at the site of inoculation, and in 10 
of these, tumors appeared later. The 4 that developed 
carcinomas were in this group. The mice were not 
killed immediately upon the discovery of tumors, but 
were kept for about three weeks in order to obtain 
tumors of larger size. 

Seven mice injected with hydrocarbon failed to de- 
velop tumors and lived from 19 to 59 weeks after 
inoculation (see Fig. 2). Four of these soon developed 
ulcers at the site of inoculation and possibly thereby 
lost enough hydrocarbon to render the dose ineffective. 
These mice died at 19, 23, 31, and 59 weeks after 
injection. 

No tumors developed in mice that received the two 
methyl derivatives of 1,2,3,4-dibenzophenanthrene, and 
ulceration did not develop at the site of inoculation of 


either compound. Neither did tumors develop in con- 
trol mice injected with tricapryllin or the ethyl ester of 
sesame oil, Thirty-two mice were inoculated with the 
9-methyl derivative. Their survival ranged from 7 to 
54 weeks and averaged 34 weeks. Thirty-eight mice 
received the 10-methyl derivative. Their survival 
ranged from 4 to 62 weeks and averaged 43 weeks 


(see Vig. 2). 


DISCUSSION 


Although the phenomenon is well known, it is 
nevertheless of considerable interest that addition of 
a methyl group to the 9 or 10 carbon atom of 1,2,3,4- 
dibenzophenanthrene changes the compound from a 
highly carcinogenic one to an apparently innocuous 
one. The fact that in our experiment tumors appeared 
earlier and in much larger percentage than in the 
study of Badger et al. (1) is probably due to our use 
of a suitable inbred strain instead of market mice. 


SUMMARY 


1. 1,2,3,4-Dibenzophenanthrene was found to be a 
highly potent carcinogen when injected subcutaneously 
into mice. 

2. The 9-methyl and 10-methyl derivatives of this 
hydrocarbon failed to produce tumors when injected 
subcutaneously into mice. 
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It is well established that the rate at which liver 
tumors occur in rats fed p-dimethylaminoazobenzene 
can be altered greatly by dietary means. This subject 
has been reviewed through 1944 (15) and extended in 
more recent work (3-9, 16, 17). The dietary inhibitors 
and accelerators that have been reported include mem- 
bers of the vitamin B complex, certain lipids, some 
sulfur-containing amino acids, at least one mineral 
element, and various crude natural materials. 

A consideration of the work of Frazer (1, 2) on the 
partition of olive oil between the lymphatic and portal 
systems of the intestine, particularly in the presence of 
a detergent, led us to try the effects of feeding low 
levels of two commercial synthetic detergents on the 
production of liver tumors in the rat. These sub- 
stances were found to represent a new type of dietary 
inhibitor for p-dimethylaminoazobenzene and hence 
form the main subject of the present communication. 
Analyses of the content of basic azo dyes in the blood 
and livers of rats fed this dye in diets which affect its 
activity are also presented. 


METHODS 


Young adult male albino rats of the Sprague-Dawley 
strain, 140 to 190 gm. in weight, were kept in groups 
of 7 or 8 in screen-bottomed cages and fed the rations 
ad libitum. In the studies on carcinogenicity the dye 
was fed for 4 months and the livers examined by 
laparotomy at the end of this period. The animals were 
then continued on the same diets without the dye 
for another 2 months and a final examination of the 
livers was made at 6 months. 

The control diet consisted of 12 parts of water- 
extracted casein (12), 4 parts of salt mixture, 5 parts 





* This investigation was aided by grants from The Jane Coffin 
Childs Memorial Fund for Medical Research and the Jonathan 
Bowman Fund for Cancer Research. We are indebted to 
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of corn oil (Mazola), and 79 parts of glucose mono. 
hydrate (Cerelose) plus the following amounts of 
crystalline vitamins per kgm. added in cerelose mix- 
tures: thiamine chloride, 3 mgm.; riboflavin, 2 mgm.; 
pyridoxine hydrochloride, 2.5 mgm.; calcium _panto- 
thenate, 7 mgm.; and choline chloride, 30 mgm. 
p-Dimethylaminoazobenzene was dissolved with heat 
in the corn oil and added at the level of 0.6 gm. per 
kgm. of diet. Each rat also received one drop of hali- 
but liver oil by dropper once each month. 

The detergents were obtained from the Carbide and 
Carbon Chemicals Corp., New York, and added to the 
control diet at the expense of the cerelose at a level 
of 0.25 per cent on a dry weight basis. Tergitol 
Penetrant No. 4 consisted of a 50 per cent aqueous 
solution of sodium 7-ethyl-2-methyl-undecanol-4-sulfate 
and Tergitol Penetrant No. 7 contained a 25 per cent 
aqueous solution of sodium 3,9-diethyl-tridecanol-6- 
sulfate plus small amounts of inorganic salts. These 
substances were fed throughout the 6 month periods 
in two separate series. A third experiment was con- 
ducted in which the dye was dissolved in mineral oil 
(light petrolatum, U.S.P. X) instead of corn oil. The 
rats fed mineral oil lost weight and appeared to be 
in poor health near the end of the period of dye- 
feeding. As a result the mineral oil was removed 
from the diet after 15 weeks for a 2 week period. 
After this the mineral oil was again fed but the rats 
were given in addition 2 drops of corn oil per week 
by dropper. 

The analytical studies were performed on animals 
ted the diets described above as well as certain diets 
discussed in our previous papers (7, 15). These diets 
were fed for periods ranging from 2 to 17 weeks. At 
the end of these times the livers and bloods of the rats 
were analyzed for basic azo dyes (14) by a slight 
modification of the original method (11). Four cc. 
each of water, alcohol, and 11 N KOH were employed 
in the digestion of the tissues. A Cenco-Sheard Spec- 
trophotelometer with an adapter for matched 13 x 100 


mm. Pyrex culture tubes was used in measuring the f 
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final a: :d solutions of the dyes. p-Aminoazobenzene 
in the »lood was determined by taking the solvent ex- 
tracts io dryness 7m vacuo and then transferring the 
residues to the colorimeter tubes in a few cc. of the 
same pure solvent. Three cc. of 7 N HCl were then 
added and the tube shaken well after capping with a 
well-washed rubber stopper. A light centrifuging was 
needed to clarify the acid layer for the colorimetric 
measurement. When the 3 dyes were determined in 
liver each dye was eluted by suction from the chro- 
matograph column into a colorimeter tube and the 
acid extractions carried out as above. In many of these 
analyses the livers were perfused im situ with 100 cc. 
of 2 per cent sodium citrate in order to remove the 
p-aminoazobenzene contained in the red blood cells 


(14). 


TABLE I: 


either Penetrant No. 7 or Penetrant No. 4. No toxic 
symptoms were noted in the rats fed the detergents. 
An attempt was made to duplicate the poor absorp- 
tion of fat and dye that may possibly occur in rats 
fed detergents by feeding the dye in mineral oil in- 
stead of corn oil. The third series in Table I illustrates 
the strong protective effect of this diet. The incidences 
of tumors in the rats fed the corn oil were those usually 
observed but no tumors occurred in the mineral oil 
group by 4 months or by 6 months in the 8 survivors. 
These animals ate more food than the controls al- 
though probably less was absorbed since they lost 
weight during the dye feeding period. An attempt 
was made to improve their nutrition by removing 
the mineral oil at the time the dye was removed from 
the diet but 6 animals died shortly after laparotomy. 


THe EFFECT OF CERTAIN DETERGENTS AND MINERAL OIL ON THE CARCINOGENICITY 


OF p-DIMETHYLAMINOAZOBENZEN E 





Average weight at Average 
— ~ — food 
Start, 4 mos., 6mos., consumption, 
Diet gm. gm. gm. gm./rat/day 
Control (5% corn oil) 161 213 —- 9.7 
Control (5% corn oil) 
+0.25% Penetrant No.7 157 240 258 10.3 
Control (5% corn oil) 168 234 265 9.5 
Control (5% corn oil) 
+0.25% Penetrant No.7 168 244 261 10.2 
Control (5% corn oil) 
+0.25% Penetrant No.4 169 245 267 10.0 
Control (5% corn oil) 217 229 310 9.8 
5% Mineral oil 212 178 198 12.8 


* Survival = Number living over number at start. 


Gross cirrhosis 
Hepatomasf at at 4 months 


‘ — Negative 
urviva ~ 


Survivors -— ante —_ 








at 4 mos. 4mos. 6 mos. at 6 mos. None Moderate Sever 
15/15 11/15 14/15 1 1 8 6 
15/15 0/15 O/15 15 13 2 0 
16/16 4/16 10/16 6 5 9 2 
14/15 0/14 0/14 13 12 2 0 
15/15 0/15 O/15 15 12 3 0 
15/15 6/15 12/15 3 7 5 3 
14/15 0/14** 0/14 8 14 0 0 


+ Hepatomas = Number of hepatomas over number surviving at 4 months. 
** = A dermatitis indicative of a deficiency of fatty acid was observed between 3-4 months. 


RESULTS 


The effect of feeding the Tergitol Penetrants Nos. 
4 and 7 on the carcinogenicity of p-dimethylaminoazo- 
benzene is summarized in Table I. All of the rats fed 
the detergents consumed somewhat more food than 
the controls and they also gained more weight. Only 
two animals in the 3 series of experiments died before 
4 months. While the incidence of tumors in the rats 
fed the control diet in the first series was unusually 
high for this diet, viz., 80 per cent and 93 per cent at 
4 and 6 months respectively, this only serves to em- 
phasize the protective effect offered by the inclusion 
of 0.25 per cent of Penetrant No. 7 in the diet. No 
tumors were noted by 6 months in animals fed this 
diet and the livers were nearly free of gross cirrhotic 
lesions. The strong protective effect of this detergent 
was confirmed in the second series. While the control 
group exhibited quite normal tumor incidences of 25 
per cent and 63 per cent at 4 and 6 months respec- 
tively, no tumors were noted by 6 months in the rats 
fed the dye in the same diet plus 0.25 per cent of 


At 4 months all of the rats fed mineral oil exhibited 
scaly paws and tail characteristic of a deficiency of 
linoleic acid. This syndrome was not noted in the 
rats fed the detergents. 

Although it seemed possible that the protective 
effects of feeding these detergents and mineral oil 
might be due to poor absorption of the dye two types 
of observations did not support such a conclusion. 
Qualitative examinations of the feces by crushing them 
in 7 N HCl failed to reveal any of the pink colors 
given by the aminoazo dyes in this reagent; this test 
can reveal the presence of as little as 20 wgm. of dye. 
At present the only feasible way of studying the ab- 
sorption and transport of the azo dye is to analyze for 
the three basic azo dyes found in the liver (14) and 
for p-aminoazobenzene in the blood. Extensive analy- 
ses to be reported in another paper (10) have shown 
that in any given rat the concentration of p-aminoazo- 
benzene in the blood parallels the concentration of 
p-dimethylaminoazobenzene in the diet. A few data 
illustrating this point are given in Table II. When 
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the level of dye in the diet was varied between 0.01 
per cent and 0.06 per cent the amount of p-aminoazo- 
benzene in the blood was found to be roughly in 


which are known to affect the carcinogenic activity of 
p-dimethylaminoazobenzene. Considerable variation 
was encountered from series to series in the level of 


TABLE II: THe EFFrect oF DIET ON THE LEVELS OF Basic Azo DyYEs IN THE LIVERS AND BLoop oF Rats 


FED p-DIMETHYLAMINOAZOBENZENE 


(Figures given as averages and ranges) 








Time diet pwem. dye/gm. fresh liver wmg. / cc. 
No. of | was fed — —_ — AB / whole 
Diet rats (wks.) DAB* MAB* AB* blood Comment 
Control (0.06% dye) 2 3 24 .09 49 10.8 Ad libitum 
(0.22—0.25) (0.08-0.09 ) (0.43—0.54) (9.6-12.2) feeding, 
livers perfused 
Control (0.03% dye) 2 3 3 05 13 3.9 “ 
(0.09-0.15) (0.04—0.06) (0.07-0.19) (3.5—4.3) 
Control (0.01% dye) 2 3 .08 .07 12 0.86 ™ 
(0.04-0.11) (0.02-0.06) (0.09-0.15) (0.73-1.0) 
Control (5% corn oil) 3 3 47 23 1.0 18.2 " 
(0.36-0.65) (0. — 30) (0.76—-1.4) (17.2—19.4) 
Control (5% corn oil) 3 3 36 0.92 15.1 ™ 
+0.25% Detergent 7 (0.17-0.56) (0. 1i-0. 32) (0.48-1.6) (13.8-15.8) 
Control (5% corn oil) 3 3 31 14 .65 15.6 ws 
+0.25% Detergent 4 (0.25-0.39) (0.09-0.19) (0. “—— 87) (14.1-16.8) 
Control (5% corn oil) 3 2 .67 29 1.9 11.0 ” 
(0.52-0.79) (0.22-0.33) (1.6—2.5) (10.4—11.3) 
20% Corn oil 3 2 48 14 19 11.1 “ 
(0.43-0.58) (0.13-0.16) (0.55-1.0) (9.9-12.5) 
Low fat 3 2 AT 22 1.3 11.2 i 
(0.28-0.61) (0.12-0.34) (0.81—2.0) (8.1-16.0) 
5% Mineral oil 3 2 46 21 1.6 9.0 ws 
(0.43-0.50) (0.20-0.24) (1.4—2.0) (7.3-11.7) 
Control (5% corn oil) 4 2 34 .16 .66 24.0 Food intake = 
(0.14-0.51) (0.06-0.22) (0.36-1.1) (17.9-29.7) 11 gm./rat/day. 
Livers perfused 
5% HCNO** 4 2 29 17 .62 18.2 ” 
(0.23-0.38) (0.13-0.21) (0.38-0.73) (17.1-20.1) 
Vitab-Crude Casein 4 2 42 24 1.0 24.2 sa 
(0.20-0.76) (0.16—-0.39) (0.63-1.7) (22.3-27.3) 
Vitab-Crude Casein 4 2 19 15 43 24.5 7. 
+ High Riboflavin f (0.08-0.26) (0.08-0.20) (0.19-0.76) (17.7—29.4) 
Control (5% corn oil) 4 7 50 .26 2.3 17.5 Food intake = 
(0.40-0.57) (0.22-0.29) (1.9-2.9) (16.5-19.1) 10 gm./rat/day. 
Livers not 
perfused 
4 13 By | x 1.2 12.2 a 
(0.30—0.42) (0.20-0.26) (1.0-1.4) (10.5-13.6) 
4 17 .26 16 1.6 13.0 " 
(0.18—-0.37) (0.08-0.27) (1.0—2.4) (11.6-15.2) 
5° HCNO 4 7 31 19 2.0 10.2 
(0.20-0.55) (0.10—0.38) (0.3-3.3) (7.7-12.8) 
4 13 41 a2 0.9 11.5 
(0.30—0.60) (0.15-0.38) (0.4—1.3) (8.6-13.6) 
4 17 29 .16 1.1 6.3 va 
(0.22-0.32) (0.08-0.22) (0.6—-1.6) (2.9-8.1) 
Control + 4 7 36 .20 1.2 10.6 - 
High Riboflaviny (0.30-0.41) (0.18-0.23) (1.0—-1.4) (8.8-12.9) 
4 13 24 11 1.1 10.1 7 
(0.19-0.29) (0.07-0.18) (0.9-1.4) (7.9-11.4) 
4 17 38 23 1.4 8. 
(0.23-0.53) (0. 14-0. 32) (1.0-1.8) (7.7-9.0) 


* DAB = p-Dimethylaminoazobenzene. 
MAB = #-Monomethylaminoazobenzene. 
AB = p-Aminoazobenzene. 
** HCNO = Hydrogenated coconut oil. 
+ 10 mgm. riboflavin per kilo of diet. 


proportion. The same conclusion can be drawn as 
to the levels of the three basic azo dyes found in the 
liver although here greater variations in concentration 
occurred. Table II also contains the results of analyses 
performed on several series of rats fed the various diets 


p-aminoazobenzene in the bloods of rats fed 0.06 per 
cent of the dimethyl dye in the control diet. This 
variation was also evident in the previous data on this 
point (8, 14) and its cause is unknown. However, in 
the present analyses the levels of this dye in the blood 
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were rcasonably constant in rats fed a given diet in 
any given series. The data show that the inclusion of 
detergents in the control diet or the substitution of 
minera oil for corn oil in this diet cause a small 
drop in the levels of dye in the blood and liver. Simi- 
lar decreases were also obtained with other strongly 
protective diets such as those containing hydrogenated 
coconut oil or high levels of riboflavin or with a 
partially protective diet such as the low fat diet. Diets 
containing Vitab (a rice bran concentrate) or high 
levels of corn oil which accelerate the formation of 
hepatic tumors had an inconsistent effect on the levels 
of dyes in the blood and liver; slight changes in either 
direction were observed. It is of interest also that a 
gradual decrease in the levels of dyes in these tissues 
occurred in rats as the time of feeding p-dimethyl- 
aminoazobenzene increased. However, most of the 
changes noted are slight and based on averages of 
figures whose ranges are admittedly large and over- 


lapping. 
DISCUSSION 


These experiments demonstrate that the inclusion 
of a low level of either of two synthetic detergents in 
an otherwise carcinogenic diet has a pronounced pro- 
tective effect. The effect was obtained twice with one 
of these agents and a single trial with a similar com- 
pound yielded the same result. Complete protection 
was also obtained when the corn oil in the control diet 
was replaced by mineral oil although the general poor 
condition and survival of the rats in this experiment 
indicate that it should be repeated. These compounds 
possess general properties which at first sight seem 
likely to account for the protective action observed. 
For example, both the detergents and mineral oil 
might be expected to diminish the absorbability of fat 
soluble compounds such as the azo dye from the in- 
testinal tract. However, the analytical data only par- 
tially substantiate such a suggestion. Qualitative ex- 
aminations of the feces of rats fed the dye with those 
inhibitors failed to reveal any significant quantity of 
aminoazo dyes and although the average levels of the 
dyes in the liver and blood were somewhat lower in 
animals that received protective factors the variability 
and overlapping of figures make it difficult to draw 
any final conclusion. A greater change was produced 
in the levels of the dyes in the liver and blood by 
lowering the concentration of the dye in the diet from 
0.06 to 0.03 per cent than occurs when any of the in- 
hibitors were fed with 0.06 per cent of the carcinogen. 
Since 0.03 per cent of the dye in the synthetic diet used 
above did not produce any liver tumors by 6 months 
(13) it would be necessary to have information on the 
incidence of liver tumors and the amount of dyes in 
the tissues on intermediate levels of dye to decide 


whether the slightly lower average results that are 
produced by dietary inhibitors are significant. Our 
tentative conclusion is that the diets used in these ex- 
periments do not greatly change the absorption of the 
dye from the tract since they do not appear to alter to 
any large extent the levels of the parent dye and its 
metabolites in the liver and blood. Certainly further 
data are needed on the metabolic fate of the dye dur- 
ing the ingestion of inhibitors or accelerators. 

The continued discovery of dietary conditions which 
alter the carcinogenicity of p-dimethylaminoazoben- 
zene often has raised the question of the fundamental 
importance of these effects. Some of the factors known 
to alter the potency of the azo dyes may also have a 
similar effect on carcinogenesis by other agents, but 
this has yet to be shown conclusively. For this reason 
it 1s quite possible that several of the dietary agents 
that affect the azo dyes operate prior to the carcino- 
genic process and some of the inhibitors may simply 
hasten the destruction of the dye before it has an op- 
portunity to initiate tumors. Furthermore, the wide 
variety of these dietary agents suggests that either the 
action of the azo dye is easily altered at many stages or 
that many of these agents act through a common fac- 
tor. However, the existence of such a variety of diet- 
ary means also increases the chance that some of them 
may interfere with or participate in the fundamental 
steps by which the azo dye acts as a carcinogen. Thus 
much of the value of studies on diet and the carcino- 
genicity of p-dimethylaminoazobenzene probably con- 
sists in furnishing materials and techniques that can 
assist in the elucidation of the mechanism by which 
this dye initiates the formation of liver tumors. New 
types of dietary agents should be particularly useful in 
this respect. 


SUMMARY 


Seven groups of 15 rats each were fed 0.06 per cent 
of p-dimethylaminoazobenzene for 4 months in syn- 
thetic diets containing: 5 per cent of corn oil; or 5 
per cent of corn oil plus 0.25 per cent of either of two 
commercial synthetic detergents, Tergitol Penetrants 4 
and 7; or 5 per cent of mineral oil. The dye-free diets 
were then fed for 2 more months. In the 3 control 
groups fed the diet containing 5 per cent of corn oil 
the final incidences of liver tumors were 93, 63, and 80 
per cent. No tumors occurred when the diets con- 
tained either detergent or when the corn oil was re- 
placed by mineral oil. These substances represent new 
types of dietary inhibitors for p-dimethylaminoazo- 
benzene in the rat. 

Analyses were made for the three basic azo dyes in 
the liver and for p-aminoazobenzene in the blood of 
rats fed p-dimethylaminoazobenzene in various diets 
known to affect the activity of this dye. Neither pro- 
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tective nor stimulatory diets produced any large 
changes in the concentrations of the dyes in these tis- 
sues. These data provide no conclusive support for 
the possibility that the detergents, mineral oil, and 
other inhibitors interfere with the absorption or trans- 


port of the dye. 


i) 


WI 


~ 
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It has repeatedly been demonstrated that the nature 
of the diet can influence the rate at which hepatic 
tumors develop in rats fed p-dimethylaminoazoben- 
zene. Dietary factors that retard the formation of 
such tumors include riboflavin (6, 14), hydrogenated 
coconut oil (10, 11) and several others. Dietary 
factors that accelerate tumor formation under these 
conditions include the crude mixture of extractives 
in commercial concentrate of rice bran (13, 14). 
The evidence has been summarized in a recent review 
(17). 

While the experiments themselves are reproducible, 
the significance of these dietary effects on carcino- 
genesis is still open to question. Thus it has been 
pointed out (13, 17) that tumors of most other organs, 
whether spontaneous or induced by agents such as car- 
cinogenic hydrocarbons or ultraviolet light, are not 
nearly so sensitive to diet as liver tumors due to p-di- 
methylaminoazobenzene, and hence one may ask 
whether the dietary factors are concerned with the 
fundamental carcinogenic reaction, or whether they 
act primarily by destroying or preserving the azo dye 
used as a carcinogen. 

One experimental approach to this question would 
| be to determine the effect of diet on the induction of 
_ hepatic tumors by agents other than p-dimethylamino- 
| azobenzene. For if the carcinogenic reaction were in- 
volved, a similar response to diet might be expected of 
_ all carcinogens for that organ. On the other hand, if 
_ diet merely alters the rate at which carcinogenic chem- 
| cals are destroyed in the body, different responses to 
| diet could result when different carcinogens are used, 
| although a similarity in response is also possible if the 
» same chemical grouping as, for example, the azo link- 








'  *Published with the approval of the Director of the Wis- 
' consin Agricultural Experiment Station. This investigation was 
| aided by grants from the Jonathan Bowman Fund for Cancer 
| Research and from the Wisconsin Alumni Research Foundation. 
A gift of hydrogenated coconut oil from Dr. T. M. Godfrey, 
of Lever Bros. Company, is gratefully acknowledged. 


age, is involved in the metabolic destruction of a 
group of compounds. 

In a previous study (8) the development of tumors 
due to p-monomethylaminoazobenzene was found to 
be retarded by both riboflavin and hydrogenated coco- 
nut oil, although these dietary factors were somewhat 
less effective quantitatively against the monomethy]l 
dye than against p-dimethylaminoazobenzene. 


MATERIALS AND METHODS 


The present study deals with two related carcino- 
gens, m’-methyl-p-dimethylaminoazobenzene and o’- 
methyl-p-dimethylaminoazobenzene. The former is 
highly carcinogenic (9, 4); the latter only moderately 
so (9). Both dyes were fed in 4 basal rations known 
to affect the development of tumors due to p-dimethy]l- 
aminoazobenzene. 

Young adult Sprague-Dawley rats were used 
throughout. They were placed in groups of 7 or 8 in 
screen bottom cages, and were given food and water 
ad libitum. The experiments were performed in series, 
in each of which the animals were divided into 4 or 
5 groups of 15 rats each. All groups within a series 
received the same concentration of azo dye in the 
ration and for the same length of time but each group 
received a different basal ration (Table I). The vari- 
ous series differed from one another in the concentra- 
tion of the dye fed, and in the duration of the experi- 
ment: from 0.026 per cent to 0.048 per cent of m’- 
methyl-p-dimethylaminoazobenzene fed for 244 to 7 
months (Table II). o’-Methyl-p-dimethylaminoazo- 
benzene was fed at 0.096 per cent of the diet for 4 
months. This is 1.5 times the molar concentration of 
azo dye used in most of our previous dietary studies 
(17). In most of the series the livers were examined 
by laparotomy at the end of the dye feeding period. 
Thereafter the rats were fed the appropriate basal diet, 
free from the dye, for another 2 months when the 
final examination for tumors was made. At the lowest 


concentration of the m’-methyl dye fed (0.026 per 
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cent) a few animals from each group were examined 
by laparotomy at 4 months and again at 544 months, 
but since no evidence of cirrhosis or liver tumors was 
apparent, the entire group was continued on the dye 
throughout the experiment. By 7 months large tumors 
were palpable in a few of the animals and the experi- 
ment was discontinued at that time. 

The diets selected were those which had proved 
most effective in altering the rate at which hepatic 
tumors form when the carcinogen is 0.06 per cent of 
p-dimethylaminoazobenzene fed for 4 months. Diet 
I is the synthetic ration used as a control in most of 
our previous studies with p-dimethylaminoazobenzene 
(14, 17). At a level of 0.06 per cent for 4 months the 


incidence of tumors at 6 months ranged between 53 


cr 


of neoplasms due to p-monomethylaminoazobenzene 


(8). 
RESULTS 


Tumors developed rapidly on all diets containing 
0.032 per cent of m’-methyl-p-dimethylaminoazobep. 
zene or more (Table II), and in general the rate at 
which they developed did not appear to be very 
greatly modified by diet. Thus, the rice bran diet II, 
which accelerates tumor formation due to p-dimethyl- 
aminoazobenzene, exerted only a small stimulatory ef. 
fect in the present experiments with the m’-methyl 
dye. The greatest effect due to the rice bran concen. 
trate, “Vitab,” was in a series in which 0.048 per cent 


of the dye was fed for 244 months. The final inci- 


TaBLeE I: COMPOSITION oF DIETS 
I II III IV V 
ee 
Synth. Rice Ribo- i 
control bran 1 HCNO 2 flavin flavin 
Gm. per kgm. 
Cerelose * 790 770 790 790 790 
Casein (crude) — 120 — — — 
Casein (alc. extr.) 4 120 —- 120 120 120 
Wesson salts 40 40 40 40 40 
Corn oil 50 50 — 50 50 
Hydrog. coconut oil — —_ 50 ons an 
Vitab 1 —- 20 — — =m 
Mem. per kgm. 
Riboflavin 2.0 0.5 2.0 10.0 20.0 
Thiamine HCl 3.0 — 3.0 3.0 3.0 
Ca Pantothenate 7.0 — 70 7 0 7.0 
Pyridoxine HCl 25 — 2.5 25 By 
Choline chloride 30.0 — 30.0 30.0 30.0 


1‘*Vitab Rice Bran Concentrate,’ obtained from National Oil 
2 HCNO = Hydrogenated coconut oil. 


Products Co., Harrison, New Jersey. 


3 Pure glucose monohydrate obtained from Corn Products Refining Company. 


4For preparation see reference 14. 


and 80 per cent, and in any series the incidence of 
hepatomas could be either increased or decreased from 
the basal figure depending upon appropriate changes 
in the diet. Diet II, containing the rice bran concen- 
trate “Vitab,” has consistently been observed to in- 
crease the rate of tumor formation (11, 13, 17). The 
substitution of hydrogenated coconut oil for corn oil 
delays the development of hepatic tumors due to p-di- 
methylaminoazobenzene (10, 11). Diet IV contained 
10 mgm. of riboflavin per kgm. of ration. This 
amount of the vitamin is sufficient to retard tumor 
formation when the dye is p-dimethylaminoazoben- 
zene (14), although it is relatively ineffective when 
the dye is p-monomethylaminoazobenzene (8). Ac- 
cordingly, in one series the level of riboflavin was in- 
creased to 20 mgm. per kgm. of ration, Diet V. At 
this level riboflavin effectively inhibits the formation 


dence of tumors 2 months later was 64 per cent on 
the control synthetic diet I and 87 per cent in the 
group receiving the rice bran concentrate (Table II). 
In a second series under the same conditions, the per- 
centages were 40 and 54 per cent, respectively, while 
with all other amounts of the m’-methyl dye the effect 
of the rice bran extract was still less. 

The hydrogenated coconut oil appeared to have no 
consistent effect on the development of hepatomas due 
to m’-methyl-p-dimethylaminoazobenzene. In 3 series 
the rats receiving the coconut oil had fewer tumors 
than those on corn oil, while in the other 3 series the 
animals fed the hydrogenated fat had as many or more 
neoplasms than their control groups (Table II). These 
results are in sharp contrast to our previous studies 
in which hydrogenated coconut oil proved to be a 
very effective inhibitor against the formation of 
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tumors due to a related carcinogen, p-dimethylamino- 
azobenzene (10, 11). 

The only diet tested which inhibited the induction 
of hepatomas due to the m’-methyl dye was diet IV 
containing 10 mgm. of riboflavin per kgm. of diet. 
This diet lowered the incidence of tumors in 5 of the 
6 series attempted. The percentages of tumors develop- 
ing on the control diet I and the riboflavin diet IV 
under the various dosages of the m’-methyl dye are 
as follows: 


Diet I Diet IV 
Control Riboflavin 
83 60 
64 77 
40 20 
100 73 
80 47 
21 7 


(see Table II for details). But while the trend sug- 
gests that riboflavin had reduced the carcinogenic ef- 
fectiveness of m’-methyl-p-dimethylaminoazobenzene 
somewhat, it is also evident that the quantitative effect 
of the vitamin is not very great on tumor formation 
due to this carcinogen. Furthermore, in the single 
series in which riboflavin was fed at a still higher 
level, 20 mgm./kgm., diet V, there was no inhibition 
whatever. 





the various diets against the o’-methyl dye were 
greater than the average responses of these diets ip 
the 6 series in which the m’-methyl dye was employed 
(Tables II and III); the diets were not as effective 
quantitatively against the o’-methyl dye as against 
p-dimethylaminoazobenzene. 


DISCUSSION 


The present experiments indicate that the carcino- 
genicity of m’-methyl-p-dimethylaminoazobenzene can 
be modified somewhat by diet, although the dietary 
agents studied were less effective than they are against 
p-dimethylaminoazobenzene. Thus, hydrogenated co- 
conut oil has no consistent action while the rice bran 
concentrate caused only a slight stimulation. Riboflavin 
showed a somewhat greater tendency to counteract the 
effects of the m’-methyl dye than the other dietary 
factors studied, but even riboflavin was probably less 
than half as effective against m’-methyl-p-dimethylami- 
noazobenzene in the present study as its previously 
demonstrated potency against the effects of p-dimethyl- 
aminoazobenzene (17). 

It is reccgnized that secondary factors which modify 
the rate of tumor formation are most evident when 
the dose of the carcinogen employed is borderline. 
For this reason too much emphasis should not be 
placed upon irregularities in tumor incidence noted 


TasLe III: THe Errecr oF VARIATIONS IN DieET ON THE CaRCINOGENICITY OF 0.096% o'-METHYL-p-DIMETHYLAMINOAZOBENZENE 
Fep 4 MonrTHs 











Average Gross cirrhosis Liver tumor at ** 
Average Average food at 4 months r a 7 ‘ 
starting weight consum. , ~“ Survival 6 mo. Negative 
weight, at4mo., gm./rat/ None- Moderate- at 4 mo.,* r aa survivors 
Diet gm. gm. day mild, no. severe, no. no. 4 mo., no. No. % at 6 mo. 
Synth. (1) 169 150 7.3 3 11 14/15 1/14 9/14 64 2 
Rice bran (II) 172 157 aa 6 9 15/15 2/15 11/15 73 3 
HCNO (III) 176 185 9.3 10 3 13/14 4/13 6/13 46 4 
Riboflavin (IV) 169 211 10.1 11 2 13/13 3/13 5/13 38 7 


* Survival = number living over number at start. 


** Liver tumors = number with liver tumors over number surviving at 4 months. 


The results of a single series with the weaker car- 
cinogen o’-methyl-p-dimethylaminoazobenzene fed as 
0.096 per cent of the diet for 4 months suggested that 
the carcinogenicity of this compound also, may be 
altered somewhat by diet. Nine of 14 rats on the con- 
trol synthetic diet I, or 64 per cent, developed tumors 
by 6 months (Table IIIT). When diet II containing 
the rice bran concentrate was fed, the tumor incidence 
was 73 per cent. The diets containing the hydro- 
genated coconut oil or extra riboflavin reduced tumor 
formation somewhat, the incidences being 46 and 38 
per cent respectively. Each of the diets studied, there- 
fore, modified the carcinogenicity of the o’-methy]l- 
derivative qualitatively as that due to p-dimethyl- 
aminoazobenzene (17). Quantitatively, the effects of 


when a relatively high concentration of the m’-methyl 
dye was fed for only 24% months. Nevertheless, the 
relative insensitivity of the m’-methyl dye to diet did 
not appear to be due solely to the high carcinogenicity 
of the compound, for the effectiveness of the diets 
employed was not increased at a concentration of only 
0.026 per cent of this azo dye in the diet (Table II). 
Under these conditions riboflavin still failed to furnish 
complete protection against the formation of tumors, 
even though only 21 per cent of the rats on the con- 
trol diet had hepatomas when the experiment was 
terminated after 7 months of dye-feeding. Further 
evidence that resistance to diet does not necessarily 
parallel carcinogenicity is the observation that 0- 
methyl-p-dimethylaminoazobenzene is less sensitive to 
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diet than p-dimethylaminoazobenzene, although the 
latter compound is the more active carcinogen (9) and 
(Table III). 

Ot the dietary factors studied riboflavin appears to 
have the most general action against hepatic tumors 
due to azo dyes, since some degree of protection has 
now been observed against 4 different carcinogens of 
this type: p-dimethylaminoazobenzene, p-monomethyl- 
aminoazobenzene, o’-methyl-p-dimethylaminoazoben- 
zene and m’-methyl-p-dimethylaminoazobenzene, in 
that order. To the extent that riboflavin protects 
against all 4 compounds, it is possible that it is in- 
volved in the fundamental carcinogenic reaction, but 
the rather wide discrepancy in the degree of resistance 
conferred by the vitamin against p-dimethylaminoazo- 
benzene as compared to the m’-methyl derivative sug- 
gests that not all of the resistance to the former com- 
pound is concerned with carcinogenesis. 

Similar considerations applied to the results obtained 
with hydrogenated coconut oil suggest that this ma- 
terial has little to do with the reaction by which azo 
dyes cause tumor cells to arise in the liver, for hydro- 
genated coconut oil exerted no consistent protection 
against tumors due to the m’-methyl dye. Again the 
high degree of protection observed against tumors due 
to p-dimethylaminoazobenzene would have to be 
ascribed to an effect on the metabolism of the dye 
itself. In this connection studies on such carcinogenic 
agents as o-aminoazotoluene, CCl, (2), and selenium 
(16) would be of interest for all are reported to be 
carcinogenic for rats or mice, although they presum- 
ably undergo quite different pathways of metabolic 
degradation. Aminoazotoluene is sensitive to certain 
crude diets; liver tumors due to this agent develop 
more readily when the basal diet consists largely of 
rice (1) than when it is wheat (1, 3), rye (7), or millet 
(15). On the other hand acetoaminofluorene is a 
carcinogen the activity of which appears to be insen- 
sitive to diet (5). 

The present studies on the carcinogenicity of the 


m'-methyl- and o’-methyl-p-dimethylaminoazobenzene 


turnish a good basis for estimating their activity rela- 
tive to p-dimethylaminoazobenzene. In previous ex- 
periments 53 to 80 per cent of rats fed 0.06 per cent of 
p-dimethylaminoazobenzene in the synthetic control 
diet for 4 months developed liver tumors by 6 months 
(17), as compared to an incidence of 80 per cent at 
this time in animals fed 0.032 per cent of the m’- 
methyl derivative for 4 months in the present series 
(Table II). Hence, the latter compound appears to 
be about twice as active as the parent dye. Similarly, 
since 0.096 per cent of o’-methyl-p-dimethylaminoazo- 
benzene under the same conditions caused 64 per cent 
of the rats to develop neoplasms, the latter compound 
would seem to be about two-thirds as active as p-di- 


methylaminoazobenzene. Such comparisons are of 
course dependent on the conditions of the experiment 
and the relative activities will probably differ some- 
what as the level of dye, the period of feeding, or the 
diet is varied. 


SUMMARY AND CONCLUSIONS 


1. m'-Methyl-p-dimethylaminoazobenzene was fed 
to rats in 4 different rations known to affect the forma- 
tion of tumors due to p-dimethylaminoazobenzene. 
The m'-methyl dye was fed at several concentrations 
and for different periods of time. 

2. In general diet was relatively ineffective in alter- 
ing the rate of tumor development due to m’-methyl-p- 
dimethylaminoazobenzene. Hydrogenated coconut oil 
did not exert a consistent protective effect, while rice 
bran extract stimulated tumor formation only slightly. 

3. Riboflavin usually retarded the formation of 
tumors due to.the m’-methyl dye, but the effect of the 
vitamin was less than that previously observed when 
p-dimethylaminoazobenzene was the carcinogen. 

4. Rice bran concentrate stimulated tumor forma- 
tion due to o’-methyl-p-dimethylaminoazobenzene 
whereas either hydrogenated coconut oil or riboflavin 
retarded it. The effects of diet against this carcinogen 
were intermediate between those observed against p-di- 
methylaminoazobenzene and _ m’-methyl-p-dimethy]l- 
aminoazobenzene. 

5. The variable effects of diet against the different 
azo dyes suggest that riboflavin may retard tumor for- 
mation by interfering with the essential carcinogenic 
reaction, but that the other diets studied more prob- 
ably exert their effects upon the carcinogen. 
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Intracellular Distribution of Enzymes 
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Interest in the particulate components of the cell has 
achieved considerable prominence during the last few 
years largely as the result of the development of tech- 
nics for the isolation of these cellular constituents 
in quantities sufficient for chemical and biochemical 
analysis. Thus, Bensley and his coworkers (4, 5, 19, 
21, 22) have described the isolation of mitochondria, 
particulate glycogen, and a submicroscopic component 
of guinea pig liver. Claude has been instrumental in 
developing well defined methods for the isolation of 
large granules, microsomes, and chromatin threads 
from normal and neoplastic tissues (8, 9, 10, 11, 12). 
He has subjected these particulate components to ele- 
mentary chemical analysis and more recently has de- 
scribed some of the enzymatic properties of the large 
granules and of the microsomes (11). A number of 
enzymes important to cellular metabolism were asso- 
ciated with the large granules while other enzymes 
were not associated with any particulate material and 
were apparently present in the cell in soluble form. 
None of the enzymes studied was found to be associated 
with the microsomes. The enzymatic properties of the 
nucleus have been studied in the case of liver by 
Dounce (13) but these studies have not been extended 
to malignant tissues because of technical difficulties 
encountered in the isolation of nuclei from these tis- 
sues (14, 15). 

The importance to cancer research of a study of the 
particulate components of the cell is perhaps best em- 
phasized by a few illustrations. In the first place, the 
viruses which cause several tumors have dimensions 
and chemical properties similar to those of particulate 
components isolated from normal cells (7, 8, 28). 
Furthermore, a preliminary report has indicated that 
the antigen which is specific for the Brown-Pearce 


tumor is associated with the microsome or small par- 
ticle fraction of this tissue (24). Finally, Grafh (17, 
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18) has shown that the mitochondria of a large variety 
of tissues will preferentially absorb carcinogenic hydro- 
carbons in vitro and has presented some evidence that 
these particulate components are involved in the ab- 
sorption of carcinogens painted on the skin of mice. 

The present report describes the results of an inves- 
tigation of some of the enzymatic and chemical prop- 
erties of normal rat liver and rat hepatoma cells which 
have been separated by centrifugation into a nuclear 
fraction, a large granule fraction,' and an unfrac- 
tionated residue. Although objections have been raised 
to a comparison of normal liver and hepatoma on the 
basis that these tissues are greatly different in their de- 
gree of differentiation (11), such a comparison would 
nevertheless seem to be of considerable interest since 
the two tissues do represent the original and final 
stages in the carcinogenic process. 


MATERIALS AND METHODS 


Tissues —The tissues were removed as rapidly as 
possible from animals killed by decapitation and were 
homogenized in 9 volumes of alkaline water (distilled 
water brought to pH 9.5 by the addition of 2.0 ml. of 
0.1 N NaOH per liter (see 9, 10, 31)) in the apparatus 
of Potter and Elvehjem (26). The hepatoma samples 
were obtained through the courtesy of Drs. J. A. and 
E. C. Miller, and B. E. Kline. These hepatomas had 
been induced in rats by the oral ingestion of p-di- 
methylaminoazobenzene. 

Tissue fractionation—The homogenates were sepa- 
rated into a nuclear fraction, a large granule fraction, 
and an unfractionated residue by a centrifugation pro- 
cedure described previously (31). The unfiagtignated 
residue consists of a supernatant and washing which 
remain after removal of nuclei and large granules and 





1 As Claude has pointed out (10) the large granule fraction 
of the liver contains secretory granules and mitochondria in 
unknown proportions. The large granule fraction of the rat 
hepatoma on the other hand may be deficient in secretory 
granules. 
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is the fraction from which microsomes and glycogen 
have been isolated by the use of greater centrifugal 
forces (9, 10, 21, 22). The time which elapsed during 
the centrifugation was 4 to 5 hours. 

Cytological methods—The whole homogenate and 
each of the tissue fractions were examined in the 
bright and in the dark field microscopes. Smears were 
also made and stained with aniline-acid fuchsin-methyl 
green (3). 

Enzyme assays—Succinic dehydrogenase,  cyto- 
chrome oxidase, and adenosinetriphosphatase (ATP- 
ase) were measured as described previously (16, 32). 
The activities of the original homogenate and of each 
of the fractions were determined simultaneously im- 
mediately after the fractionation had been completed. 

Analytical methods—Desoxypentose nucleic acid 
(DNA), pentose nucleic acid (PNA), and acid solu- 
ble, lipid, and “protein” phosphorus were determined 
by methods reported previously (29). Nitrogen was 
determined on the “phosphoprotein” fraction by the 
method of LePage and Umbreit (23). Dry weight 
was determined by drying aliquots of the tissue sus- 
pensions to constant weight zm vacuo over P.O;. 


RESULTS 


The results of the enzyme assays and of the analyses 
are presented in Table I. The results were expressed 
in terms of 100 mgm. of fresh tissue or its equivalent so 
that data on the fractions could be compared with the 
data on the whole homogenate for recovery calcula- 
tions. If such a comparison is made, it is seen that the 
amounts of the materials recovered in the tissue frac- 
tions agree well with the amounts found in the whole 
homogenate. 

Cytological observations——Microscopic examination 
of the fractions showed that the nuclear fraction con- 
tained some whole cells and large granules in addition 
to large numbers of intact nuclei which had clumped 
together in large masses. The large granule fraction 
contained large numbers of particles of a fairly uni- 
form size which stained red with Bensley’s aniline-acid 
fuchsin-methyl green (3). Nuclei and whole cells 
were. apparently absent from this fraction and also 
from the unfractionated residue although the latter 
did contain some large granules. 

Enzyme assay results—The major portions of the 
succinic dehydrogenase and cytochrome oxidase pres- 
ent in the original homogenate were found to be asso- 
ciated with the large granule fractions of both tissues. 
In confirmation of previous results, however, the 
activity of these enzymes in the hepatoma was con- 
siderably lower than in the normal liver (33). 

The distribution of ATP-ase in the tissues was of 
considerable interest because the activity of this en- 
zyme had been shown to be essentially the same in 


patoma include 4 analyses with the 


ported previously (31). The data on he 


-ase in which only 2 analyses were made. 


DisTRIBUTION OF ENZYMES, PHOSPHORUS-CONTAINING COMPOUNDS, PROTEIN NITROGEN, AND Dry MATERIAL IN Fractions oF Rat Liver AND HepatoMa HoMOoGENATES 
exceptions of cytochrome oxidase and ATP 


Average values are given, with ranges of values in parentheses. The data on liver were re 
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Cyto- 
chrome 
oxidase* 


Enzyme activities 





Succin- 
oxidase* 
383 


Tissue 
traction 


Tissue 


31.9 
5.8 
5.7 

23.3 


197 
434 
1250 


40.2 
6.1 
11.4 
9.7 


1 


155 
19.0 
42.1 
95.0 


125 
4.8 
4.9 

115 


95 

27.2 
16.0 
61.5 


65.2 

4.9 
11.4 
47.8 


22.6 
23.4 


865 
231 
416 
257 


1012 
54.6 

748 

147 


25.4 
289 
45.5 


Unfractionated 


Large granule 
residue 


homogenate 
fraction 


Original 
Nuclear 
fraction 


i.iver 


5.3 


21.3 
(4.9-5.5) 
1.7 
(1.3-1.8) 


(408-918) (12.1-14.7) 


265 


1093 
(792-1330) (20.6-21.9) 


24.1 
(18-28.7) 
9.6 
(11.3-18.1) 


(84-127) 
16.9 
(10.4—21.2) 
16.2 


109 
(59.8-88.1) 


(48-51.4) 
8.6 
(6.5-9 
56.6 
(42.9-63.3) 


50 
(44.4-58.1) 


802 
9 
* The activities are expressed as cu. mm. Og taken up per 10 min. by the equivalent of 100 mgm. of fresh tissue. 


322 
203 


86.7 
(78.3-95.3) 
10.0 
(7.3-12.1) 
48.5 


Unfractionated 


Large granule 
residue 


homogenate 
fraction 


Nuclear 
traction 


Hepatoma Original 


t The activities are expressed as micrograms phosphorus liberated in 15 min. by the equivalent of 100 mgm. of fresh tissue. 


** Phosphorus calculated from pentose measurements. 
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both tissues (27). This observation was confirmed in 
the present study (Table I). The distribution of the 
enzyme in the two tissues was radically different, how- 
ever. In the case of the normal liver, about 48 per cent 
of the activity was found to be associated with the large 
granule fraction and 30 per cent with the unfrac- 
tionated residue while in the hepatoma 75 per cent of 
the ATP-ase activity was found to be associated with 
the unfractionated residue and only 12 per cent with 
the large granule fraction. It would be of considerable 
interest to extend the ATP-ase studies to include an in- 
vestigation of the specificity of the enzyme towards 
various substrates, a study of the degree of hydrolysis 
of ATP in the various fractions, and further fractiona- 
tion of the tissues. | 

Analytical results—The analyses for DNA showed 
that all of this nucleic acid was present in the nuclear 
fractions of both normal liver and hepatoma. Thus 


DISCUSSION 


The observation that the succinic dehydrogenase and 
the cytochrome oxidase activities of normal rat liver and 
of rat hepatoma were associated with the large granule 
fractions of these tissues introduces the possibility 
that the decreased activity of these enzymes observed in 
the hepatoma as compared to the normal liver (Table 
I), and (33), might be rationalized on the basis of a 
decreased amount of large granule material in the 
hepatoma cell. If this explanation were correct, the 
activity of these enzymes per mgm. of dry material 
and of protein nitrogen should be the same in the 
large granule fractions of the two tissues. Table II 
shows the activities of these enzymes per mgm. of 
dry material and of “protein” nitrogen. It is evident 
that the enzyme activities when expressed in these 
terms are more similar for the large granule fractions 


TABLE IJ: ENzyMe ACTIVITIES PER MGM. Dry MATERIAL AND PER MGM. PROTEIN NITROGEN OF THE 
FRACTIONS OF NorRMAL Rat LIVER AND HEPATOMA 


Activity per mgm. dry weight 


Activity per mgm. “‘protein’’ nitrogen 





Succin- 

Tissue Fraction oxidase* 
Normal liver Original homogenate 12.0 
; Nuclear pi 
Large granule 50.7 
Unfractionated residue 2.0 
_ Hepatoma Original homogenate 4.1 
Nuclear 1.9 
Large granule 28.5 
Unfractionated residue 1S 


* Cu. mm. O2 uptake per 10 min. 
** Micrograms phosphorus liberated per 15 min. 


excellent chemical evidence was provided in support 
of the cytological observations which indicated that 
nuclei were present only in the nuclear fraction and 
also in support of the hypothesis that DNA is found 
only in the nucleus of the cell. The data also confirm 
previous observations made in this laboratory (30) 
which showed that DNA was present in much higher 
concentrations in the hepatoma than in the normal 
liver. 

PNA, acid soluble and lipid phosphorus, “protein” 
nitrogen, and dry material were found mainly in the 
unfractionated residue. In harmony with the idea that 
the large granules are complexes of protein and phos- 
pholipid (10), lipid phosphorus was found to be more 
concentrated per mgm. of dry material in the large 
granule fractions. It is also of interest to note that the 
nuclear fraction of the hepatoma contains more dry 
material and “protein” nitrogen than does the nuclear 
fraction of normal liver while in the case of the large 

granule fraction the situation in the two tissues is 
reversed. 





ee es i, 


Cytochrome Succin- Cytochrome 

oxidase* AT P-ase** oxidase* oxidase AT P-ase** 

31.7 27.2 194 514 439 

16.6 70.0 129 278 1170 

131 73.0 665 1720 960 

6.3 11.1 36.4 118 206 

15.1 37.6 79.5 295 735 

5.5 18.8 37.8 111 376 

119 $7.7 516 2160 1040 

ia 43.0 28.9 143 843 


of the normal liver and the hepatoma than are the 
enzyme activities of the original tissues. Thus it would 
seem that the decreased activities of these enzymes in 
the hepatoma could be explained at least in part on 
the basis of a diminution in the large granule fraction 
of the hepatoma cell. Although the data on cyto- 
chrome oxidase are in accord with such an explanation, 
the data on succinic dehydrogenase show a consider- 
able discrepancy between the activity of this enzyme 
per unit of protein or dry weight in the large granule 
fraction of the hepatoma as compared with the normal 
liver. In addition, it must be pointed out that the 
chemical composition of the hepatoma granules? is 
considerably different from the composition of the 
large granules of the liver; the former contain more 
lipid phosphorus and PNA and less “protein” nitrogen 
than do the latter. Thus, although the hepatoma cell 
does contain less large granule material than the nor- 
mal liver cell, it is apparent that this difference does 
not provide a complete explanation for the decreased 
enzyme activities observed in the hepatoma. Never- 
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theless, in the case of enzymes which are associated 
with large granules or other particulate material, vari- 
ations in the amount of the particulate: material in 
the cell must be considered as a possible explanation for 
variations in the enzyme activities which occur under 
different physiological conditions. Thus it would be of 
considerable interest with reference to the association of 
enzymes with granules to re-examine the variations of 
the succinoxidase activity observed in vitamin deficien- 
cies (1, 2, 20), pregnancy (25), and after adrenalec- 
tomy and thyroid feeding (34). 

The data on ATP-ase (Table II) show that the 
activity of this enzyme was much the same in the 
large granule fraction of the normal liver and of the 
hepatoma. In the case of the hepatoma, however, only 
a small portion of the original ATP-ase activity was 
associated with the large granule fraction while in 
the liver most of the ATP-ase activity was associated 
with this fraction (Table I). The largest portion of 
the ATP-ase present in the hepatoma was found to be 
associated with the unfractionated residue. Thus the 
findings on ATP-ase also suggest a loss of large gran- 
ule material as a characteristic of the malignant 
change. In the case of this enzyme, however, the 
activity which was associated with the large granule 
fraction of the liver appeared in the unfractionated 
residue of the hepatoma cell in contrast to the enzymes 
of the succinoxidase system which were lost from the 
cell. 

An important point and a difficult one to decide is 
whether the DNA content of hepatoma nuclei is 
greater than the DNA content of liver nuclei. A 
comparison of the ratio of DNA to dry material in the 
nuclear fractions of the two tissues indicates that the 
DNA content of hepatoma nuclei is greater (Table 
I). The same conclusion was reached in a previous 
report from this laboratory upon different evidence 
(30). On the other hand Dounce found that the 
DNA content of transplanted hepatoma 31 nuclei 
was about 50 per cent as great as the DNA content 
of liver nuclei (15). His results were complicated by 
the fact that liver nuclei prepared at pH 2.4 had ap- 
parently lost histone while nuclei prepared at pH 6.0 
had lost some nucleic acid. A similar situation was in- 
ferred to exist in the case of the hepatoma nuclei al- 
though no evidence was advanced in support of this 
assumption. Our own results would seem to be inde- 
pendent of these difficulties since the nuclear fraction 
was prepared at a pH of about 7.0 and because all 
of the DNA present in the original tissue was re- 
covered in the nuclear fraction. On the other hand 
our results are open to the criticism that the nuclear 
fractions are admittedly impure. If this factor is con- 
sidered, it would seem that the differences between the 


es 


nuclear fraction of the hepatoma and the nuclear frac- 
tion of the normal liver would be greater since the 
latter would be more likely to be contaminated with 
large amounts of large granule material than the 
former. 

The data presented in Table I support the sugges. 
tion advanced previously on entirely different evidence 
that the hepatoma contains approximately twice as 
many cells per volume of tissue as does the normal 
liver (30). This follows from the data on the DNA . 
and the dry material contents of the nuclear fractions 
of the two tissues if it is assumed that the DNA con- 
tent per nucleus is approximately the same for the two 
tissues. If it is true that the hepatoma contains twice 
as many cells per volume of tissue as does normal liver, 
it is of interest to note that the amount of dry material 
found in the hepatoma cytoplasm (large granules plus 
unfractionated residue) is only about 50 per cent as 
great as the amount of dry material found. in the 
liver cytoplasm. This is considerably less than would 
be predicted on the basis that the nucleus is the same 
size in both tissues (6) and occupies about 6 per cent 
ot the volume of the liver cell (13). 

From the data presented in this paper the following 
picture of the difference between the normal liver cell 
and the hepatoma cell can be obtained. The hepatoma 
tissue contains cells which are about one-half as large 
as the normal liver cells. The volume of the nucleus 
in both tissues is approximately the same, however, 
and therefore the volume of the cytoplasm of each 
hepatoma cell must be about one-half as large as the 
cytoplasm of the normal liver cell. The concentration 
of large granule material and of other cytoplasmic ma- 
terial is much less in the hepatoma cell than in the 
liver cell. The enzymatic properties of the cytoplasm 
have also been altered; a large portion of the activity 
of the succinoxidase system present in the normal liver 
cell is absent from the hepatoma cell while the distri- 
bution of ATP-ase in the hepatoma cell is different 
from that of the liver cell although the ATP-ase activi- 
ties of the two tissues are essentially the same. The 
concentration and distribution of chemical compounds 
are also different in the cytoplasm of the hepatoma 
cell than in the normal liver cell. Thus it is evident 
that the differences between the normal and the malig- 
nant cell are exceedingly complex. A further under- 
standing of these differences will undoubtedly be ob- 
tained when the studies are extended to include a 
larger number of enzymes, a more complete fractiona- 
tion of the tissues, a study of embryonic and regener- 
ating liver as well as livers obtained from animals at 
various stages of the carcinogenic process, and a wider 
variety of normal and cancerous tissues. 
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SUMMARY 


1. Homogenates of normal rat liver and rat hepa- 
tomas were separated by centrifugation into a nuclear 
fraction, a large granule fraction, and an unfraction- 
ated residue. 

2. Succinic dehydrogenase, cytochrome oxidase, 
adenosine triphosphatase, pentose and desoxypentose 
nucleic acids, acid soluble and lipid phosphorus, “pro- 
tein’ phosphorus and nitrogen, and dry material were 
determined on the original tissue homogenate and on 
each of the tissue fractions. 

3. The activities of succinic dehydrogenase and 
_cytochrome oxidase were much lower in the hepatoma 
than in the normal liver. However, the major part of 
the enzyme activities associated with the original tis- 
sues was found to be associated with the large granule 
fractions of these tissues, and the enzyme activities per 
unit of dry material or of “protein” nitrogen were 
similar in the large granule fraction of the two tissues. 
Thus the decreased enzyme activity observed in the 
hepatoma seemed to be due at least in part to a decrease 
in the amount of large granule material. 

4. The activity of adenosinetriphosphatase was es- 
sentially the same in the hepatoma as in the normal 
liver although the distribution of the enzyme was pro- 
foundly different in the two tissues. In the latter about 
50 per cent of the activity was associated with the 
large granules and 30 per cent with the unfractionated 
residue, while in the hepatoma 75 per cent of the en- 
zyme activity was associated with the unfractionated 
residue and only 12 per cent with the large granules. 
The enzyme activity per unit of dry weight or of “pro- 
tein” nitrogen was similar for both tissues in the large 
granule fraction. 

5. The desoxypentose nucleic acid content of the 
hepatoma was found to be more than twice as great 
as that of normal liver. All of the desoxypentose 
nucleic acid present in the whole homogenates was 
recovered in the nuclear fractions. The increased con- 
tent of this nucleic acid in the hepatoma was con- 
sidered to be due to an increase in the number of cells 
in this tissue. 

6. The pentose nucleic acid content of the two tis- 
sues was found to be essentially the same and the 
major part of this nucleic acid was found in the un- 
fractionated* residue. The nucleic acid content per 
mgm. of dry material was higher in the large granule 
fraction and in the unfractionated residue of the hepa- 
toma than in normal liver. 

7. The major portions of the other components 
measured were found in the unfractionated residue. 
The lipid phosphorus was more concentrated in the 
large granule fractions of the two tissues and more 
concentrated in the cytoplasm fractions of the hepa- 
toma than in the corresponding fractions of normal 
liver. 
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Malignant tissues are distinguished from other types 
of tissues by their capacity for relatively unlimited and 
uncontrollcd growth in the organism. The reason why 
neoplastic tissues grow continually, in contrast to em- 
bryonic tissues which grow only up to a certain point 
before they begin to differentiate, is a fundamental 
problem of cancer research. A study of the synthetic 
mechanisms of the cell is a logical approach to this 
problem. In this connection the nucleic acids have a 
special significance since the measurement of these 
compounds by means of ultraviolet spectrophotometry 
has demonstrated fluctuations in the nucleic acid con- 
tent of the nucleus during the mitotic cycle and high 
concentrations of nucleic acid in the cytoplasm of cells 
which are actively dividing or which are engaged in 
protein synthesis (2-6). 

Although the spectrophotometric method is _ ex- 
tremely sensitive and permits the measurement of the 
nucleic acids in small portions of single cells, the 
results of such measurements are open to criticism on 
the ground that the method is not sufficiently specific. 
The results obtained by the physical method can, how- 
ever, be tested experimentally by less sensitive but 
more specific chemical methods. Recently a method 
for. the extraction of the nucleic acids from animal 
tissues and their estimation by colorimetric reactions 
was described (13) and the nucleic acid contents of 
homologous normal and cancer tissues were deter- 
mined (14). It was found that the cancer tissues con- 
tained much higher concentrations of nucleic acids 
than did the normal tissues. In the present report, the 
results have been extended to include a larger number 
of normal and malignant tissues. 


MATERIALS AND METHODS 


Tissue preparation—The tissues were removed as 
tapidly as possible from animals killed by decapitation 
and were homogenized in ice-cold distilled water in 








* This work was aided by a grant from the Jonathan Bowman 
Fund for Cancer Research. 

** Fellow of The Jane Coffin Childs Memorial Fund for 
Medical Research. 
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the apparatus of Potter and Elvehjem (11). The nor- 
mal rat tissues were obtained from adult Sprague- 
Dawley rats. With the exception of the mammary 
tumors and the hepatomas, the cancer tissues were ob- 
tained from transplants which have been carried 
through a number of generations in this laboratory. 
The cancer tissues were obtained through the courtesy 
of Drs. J. A. and E. C. Miller, and B. E. Kline. 

Analytical methods.—Aliquots of the homogenates 
were pipetted into centrifuge tubes, and acid-soluble, 
lipid, nucleic acid, and “protein” phosphorus were 
extracted and determined as described previously 
(13). Desoxypentose nucleic acid (DNA) and pen- 
tose nucleic acid (PNA) were estimated in the nucleic 
acid extract by pentose determinations (13). 


RESULTS 


The results of the analyses are presented in Tables 
I and II. The amounts of DNA and of PNA phos- 
phorus calculated from pentose measurements and the 
amounts of total phosphorus found in the nucleic acid 
extracts‘ are reported in Table I. The ratios of the 
nucleic acid phosphorus calculated from pentose mea- 
surements to the total phosphorus found in the 
nucleic acid extract are also given in this table. This 
ratio should be 1.00, and from the data in Table 
I it is evident that the ratio is close to the theoretical 
for most of the tissues studied. Some of the analyses 
do, however, deviate from the ideal ratio. The reason 
for these deviations is not known, but similar discrep- 
ancies have been observed in previous work (13, 14). 

Although the PNA content of the normal rat 
tissues varied considerably, the four types of rat 
tumors studied contained about the same amounts of 
PNA. Similarly, the DNA contents of the cancer tis- 
sues were fairly constant while the DNA contents of 
the normal rat tissues showed considerable variations. 
The nucleic acid contents of the mouse tumors were 





1[n the removal of lipid phosphorus, the extractions with 
boiling alcohol-ether (13) were omitted since it was found that 
these steps did not materially increase the yield of extracted 
phosphorus. : 
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also relatively constant, although the DNA levels were 
considerably higher than in the rat tumors. 

Table II reports the acid soluble, lipid, and “pro- 
tein” phosphorus contents of the tissues studied. It is 
evident that the amounts of these compounds found 
in the neoplastic tissues were in the range covered by 
the normal tissues. The lower content of these ma- 
terials in the hepatomas as compared to the normal 
livers confirms previous observations (14). A study of 


Lc. 


studies and of studies on embryonic liver which 
showed that the enzymatic pattern of hepatomas re. 
sembled that of fetal liver more than that of normal 
liver (9, 12), it was concluded that cancer tissue prob- 
ably represents a reversion to a more primitive type of 
metabolism (9). The nucleic acid data extend the 
enzyme results, since these data suggest that cancer 
tissue may represent a more primitive type of tissue in 
ways other than enzyme pattern. It will of course be 


TABLE I: THe Nucreic Acip CONTENT OF NORMAL AND MALIGNANT TISSUES 


Average values are given, with ranges of values in parentheses. 


Mgm. phosphorus per 100 gm. fresh tissue 





No. of 


Total phosphorus 


: t Ppna +- Ppna 
(found) in nucleic $$$. 


Tissue analyses PNA* DNA* acid extracts Ptotal 
Rat skeletal muscle 11 6.7 5.77 15.7 — 
(4.7-10.4) (3.6-9.4) (10.0—20.8) 

Rat cardiac muscle 12 12.4 14.5 33.1 0.81 
(9.6-15.3) (10.8-19.7) (21.8-42.8) (0.60—-0.96) 

Rat braint{ 3 . 7.5 12.3 29.5 1.01 
(14.7-19.8) (11.9-12.9) (28.0-31.5) (0.97—1.04) 

Rat lung 9 18.0 60.5 78.5 1.00 
(11.7—24.4) (46.6—80.7) (56.6—-101) (0.86-—1.09) 

Rat kidney 6 27.2 37.9 67.6 0.96 
: (24.9-30.2) (33.1—42.6) (58.5-73.0) (0.90—1.04) 

Rat thymus 8 of a 264 298 1.01 
(28.6—47.2) (240-309) (251-352) (0.91-—1.12) 

Rat spleen 5 42.5 129 150 1.14 
(36.7-53.7) (115-135) (135-168) (1.09-1.24) 

Rat liver 6 63.4 25.4 90.7 0.98 
(55.0—71.5) (20.8-31.3) (78.0—104) (0.78—1.23) 

Rat pancreas 10 179 45.2 250 0.90 
(147-234) (37.2—48.2) (203-280) (0.71--0.99) 

Rat hepatoma § 9 54.1 66.7 122 0.99 
(32.9-69.1) (48.0-84.9) (91.9-152) (0.87—1.12) 

Flexner Jobling 9 49.6 56.9 114 0.93 
rat carcinoma (35.2—64.0) (47.2—62.6) (93.6-133) (0.86—1.09) 

Jensen rat sarcoma 7 53.2 66.3 126 0.95 
(47.0—59.2) (52.0—75.9) (111-137) (0.83-1.02) 

Walker No. 256 5 59.5 66.3 131 0.96 
rat carcinosarcoma (52.4-65.0) (61.3-—72.1) (118-146) (0.83-—1.03) 

Spontaneous mouse 6 59.6 104 159 1.03 
mammary tumors (43.4-71.7) (85.5—122) (110-190) (0.94-1.17) 

U. V. mouse ear tumor 5 56.3 75.0 137 0.96 
(49.8—64.7) (62.8-88.7) (115-151) (0.94-1.01) 

Mouse lung tumor? 7 76.0 93.6 152 1.12 
(59.1-85.5) (65.4—109) (120-174) (1.03—1.26) 


* Phosphorus calculated from pentose measurements (13). 


+ The DNA content of skeletal muscle was too low to be measured accurately and the figures stated are to be regarded as provisional. 
t These data were reported previously (13, 14).° 
§ Induced by the ingestion of p-dimethylaminoazobenzene. 


necessary to obtain nucleic acid data on fetal liver be- 
fore itis possible to decide this point. 

The nucleic acid contents of the tumors were found 
to, be considerably higher than those of most normal 
tissues although some of the normal tissues contained 
more DNA or PNA than did the cancer tissues. It 
is of interest to note that tissues which are required to 
do large amounts of work continually, such as cardiac 
and -skeletal muscle, contain very small amounts of 
nucleic acids. Indeed in the case of skeletal muscle, 
the DNA content was so low that it was impossible to 


the individual compounds in each fraction will un- 
doubtedly serve to emphasize any differences that may 
exist between these fractions in the normal and in the 
‘cancer tissues. : 
; DISCUSSION 

The observation that the different rat and mouse 
neoplasms have approximately the same content of 
PNA and of DNA is of considerable importance in 
view of enzyme studies which have demonstrated that - 
the enzyme activities of different cancer tissues are 
relatively constant (8, 9, 16).° As -a result of these | 


¢ 
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make :.ccurate measurements. On the other hand, tis- 
sues such as ‘liver and pancreas which are active in 
synthesizing materials contain large amounts of PNA. 
Thus the data in general confirm the results which 
Caspersson and his co-workers obtained with the spec- 
trophotometric technic (2-6). Determination of the 
nuclear ana cytoplasm volumes in the normal tissues 
and in the tumors would undoubtedly do much to 
facilitate a comparison of the data presented in this 
paper with that obtained by the physical method. 

It is also of interest to compare the succinoxidase 
activities (16) of the normal rat tissues with their 
PNA contents (Table I) because of the question 


2 


and enzymatic activity of normal tissues make the use 
of nucleic acid phosphorus as a basis for Qo, data (1) 
seem highly questionable. The use of nucleic acid 
phosphorus for this purpose was introduced into meta- 
bolic studies as a means of estimating the proportion 
of living cells in a tissue. In order for this method to 
be correct, the nucleic acids would have to be confined 
within the cells of the tissue and the nucleic acid con- 
tent per cell would have to be the same in every tissue. 
The latter would seem to be highly improbable in 
view of the results presented in this paper. The use 
of nucleic acid phosphorus in metabolic studies is also 
complicated by the fact that the nucleic acid phos- 


TaBLE II: PHosPpHoRUs COMPOUNDS IN NORMAL AND MALIGNANT TISSUES 


Average values are given, with range of values in parentheses. 


Megm. phosphorus per 100 gm. fresh tissue 





No. of — aN 
Tissue analyses Acid soluble P Lipid P “Protein” P 

Rat skeletal muscle . 11 158 32.5 24.4 
| (138-180) (26.4-36.9) (19.3-29.4) 

Rat cardiac muscle 12 91.6 81.7 41.7 
(52.3-107.2) (46.0—124.5) (19.8-60.1) 

Rat lung 9 54.8 88.6 24.7 
: (42.3-63.0) (57.0—122.0) (20.3-35.2) 

Rat kidney 6 82.5 116.3 30.4 
(78.3-91.0) (95.0—143.0) (19.5-45.7) 

Rat thymus 8 88.3 56.9 45.3 
(81.2—93.4) (37.6-73.4) (16.5-63.5) 

Rat spleen 5 86.5 69.7 33.2 
(82.8—90.3) (53.9-84.3) (21.7-53.9) 

Rat liver 6 102.0 137.2 38.9 
(96.8—-111.5) (98.4—169.7) (28.3-54.4) 

Rat pancreas 10 97.1 138.9 32.9 
(86.9-108.0) (101.2—177.7) (26.9-45.8) 

Rat hepatoma 9 94.2 79.3 24.3 
(66.4—111.0) (51.5-119.0) (17.0—32.8) 

Flexner Jobling rat carcinoma 9 75.2 54.4 23.0 
(62.1—-85.8) (41.0—66.0) (15.2-33.4) 

Jensen rat sarcoma 7 76.2 55.5 25.2 
(65.6—82.5) (46.0—65.7) (23.9-28.9) 

Walker No. 256 rat carcinosarcoma 5 84.9 64.6 25.4 
(75.6-88.9) (58.1-81.0) (16.5-—32.2) 
Spontaneous mouse mammary tumors 6 86.9 76.7 27.7 
(57.3-109.0) (52.6-111.1) (20.5—33.5) 

U. V. mouse ear tumors 5 89.0 53.8 31.4 
(71.0—99.5) (50.5-61.4) (27.8—35.5) 


whether this enzyme system requires PNA for its 
activity (10, 15). If such a comparison is made, it at 
once becomes obvious that there is no correlation be- 
tween the amount of PNA which a tissue contains and 
the succinoxidase activity of the tissue. For example, 
cardiac muscle possesses the highest enzyme activity of 
the tissues studied and an extremely low content of 
PNA, while in the case of tumor tissues the situation 
is reversed. It must be emphasized, however, that the 
entire evidence for or against the nucleoprotein nature 
of the succinoxidase system is indirect and that a final 
decision on this point will have to await isolation and 
purification of the enzymes involved. 

The wide variations in nucleic acid content and the 
lack of correlation between nucleic acid phosphorus 


phorus always includes two variables, DNA and PNA, 
which apparently vary independently of each other in 
the different tissues. From these considerations, it 
would appear that the use of nucleic acid phosphorus 
as a measure of the cellular material in a tissue is un- 
satisfactory. The proportion of living cells in a tissue 
might be more satisfactorily determined by the direct 


method of Chalkley (7). 


SUMMARY 


1. The desoxypentose nucleic acid, pentose nucleic 


acid, acid soluble phosphorus, lipid phosphorus, nu- 


cleic acid phosphorus, and “protein” phosphorus con- 
tents of several normal rat tissues and of several rat 
and mouse tumors were. determined. 
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2. It was found that the desoxypentose nucleic acid 
and the pentose nucleic acid contents were relatively 
constant in the different neoplasms, while the nucleic 
acid contents of the normal cells varied considerably 
in the different tissues. 

3. The acid soluble, lipid, and “protein” phosphorus 
contents of the neoplastic tissues fell within the range 
covered by the normal tissues. A study of the indi- 
vidual compounds that comprise these fractions will 
be necessary to decide whether any considerable dif- 
ferences exist between these fractions in the normal 
tissues and in the neoplastic tissues. 
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Previous attempts to transmit human leukemia from 
man to man with blood, cellular emulsions, from 
spleen and lymph nodules had completely failed. In 
these experiments the author (3) used the subcutane- 
ous Or intravenous route, with a subsequent period of 
observation of 24 months after the inoculations. With 
the subcutaneous or intravenous route of transmission 
the leukemic “agent” might not have come into con- 
tact with sufficient suitable and susceptible cells of the 
bone marrow. To place the material in contact with 
bone marrow cells the intrasternal marrow route of 
inoculation was chosen. 

In the experiments described in this paper I used 
sternal bone marrow from untreated cases of acute 
leukemia for the transmissions. It was hoped to gain 
information about this special form of leukemia which 
differs from the chronic form by its rapid fulminant 
course, the age group involved, the specialized pro- 
duction of one cell-type only and the lack of response 
to any known treatment. The recipients of the leuke- 
mic material were human volunteers suffering from 
carcinoma of the oral cavity (tongue, pharynx, etc.). 
This did not exclude a@ priori the possibility of “takes,” 
as the co-existence of leukemia and carcinoma in the 
same patient is known. Twenty such cases are re- 
corded in the literature by Morrison, Feldman and 
Samwick (2), and by Berk and Movitt (1) who de- 
scribed a case of laryngeal carcinoma complicated by 
lymphoid leukemia. Two additional cases, one in a 
woman of 67 suffering from chronic lymphatic leu- 
kemia and sero-anaplastic carcinoma of the ovary, and 
one in a man of 56 suffering with chronic myeloid 
leukemia and a rectal adenocarcinoma, were observed 


in Adelaide. 


SUBJECTS AND METHODS 


Human volunteers who had been treated for squa- 
mous cell carcinoma of the tongue or pharynx were 
the recipients of the leukemic material. The diagnosis 
of carcinoma of the tongue was established by clinical 
examination and biopsy. The tumors were all treated 
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with surgery and radium needling. Before the trans- 
mission attempts, the blood and sternal marrow of 
these cancer cases were examined. At the time of 
transmission 3 such cancer cases were placed on tables. 
The area over the manubrium sterni was anes- 
thetized with 4 cc. of a 2 per cent novocain solution. 
A sternal puncture needle was inserted in each manu- 
brium. Approximately 0.2 cc. of the marrow was 
aspirated for marrow films. The stiletto was then re- 
inserted in the sternal puncture needle in the sternum. 

Each case of acute human leukemia was prepared in 
the same way—a sternal puncture needle was inserted. 
Five cubic centimeters of the cellular sternal marrow 
were aspirated with a 10 cc. Record syringe. This ma- 
terial was injected through the already inserted needles 
into the sternal marrow of the recipients within a 
few seconds, and without any anti-coagulant, each re- 
cipient receiving approximately 1.5 cc. of leukemic 
bone marrow. The last drops of the aspirated leu- 
kemic material were used for marrow films and bac- 
teriological examinations. Blood plates inoculated 
with sternal marrow from all 4 donors were found to 
be sterile after incubation for 48 hours. This proce- 
dure was repeated 4 times. The progress of the recip- 
ients was closely watched clinically and hematologi- 
cally. At first daily, then weekly, later monthly blood 
counts, and also sternal marrow films at longer inter- 
vals, augmented the clirical examinations. In case of 
death of the patients with acute leukemias or of the 
recipients, complete or partial necropsies were per- 
formed. 

The first donor was a boy of 10. He came to the 
hospital with a history of a sore throat, headache and 
breathlessness. The patient had bleeding, spongy 
gums, fever, a severe anemia, a high leukocyte count 
and an enlarged painful liver. The spleen was not 
palpable. The patient died after 29 days in the hos- 
pital. A postmortem examination was refused by the - 
relatives. The bone marrow of this patient was used 
for transmission on the third day of his hospitaliza- 
tion. The peripheral blood on that day showed only 
6.24 gm./per cent hemoglobin, and a leukocyte count 
of 103,000 of which 91 per cent were myeloblasts. 


695 








696 


Cancer Research 





The sternal marrow reflected, with 90 per cent, the 
same predominance of myeloblasts. 

Recipients—(1) A man of 67, treated with radium 
needles 17 years ago for a squamous cell carcinoma of 
the lip, and 6 months ago for a squamous cell carci- 
noma of the tongue. The patient had received a course 
of deep x-rays to the neck 3 months prior to the 
sternal inoculation. 

(2) Man aged 70 (Wassermann reaction positive). 
The patient was treated with radium needles 5 years 
ago for a squamous cell carcinoma of the tongue, had 
deep x-ray therapy to the neck 4 years ago and, finally, 
had a resection of the tongue 3 years ago (apart from 
anti-luetic treatment 5 years ago). 

(3) Man aged 72 (Wassermann reaction positive). 
The patient was treated with radium needles for squa- 
mous cell carcinoma of the tongue 40 months ago 
followed by excision of the lymph nodes of the neck 3 
years prior to the sternal inoculation. This patient 
developed a mild secondary anemia with an increased 
monocyte count in the peripheral blood within 15 
months of the inoculation. On examination an adeno- 
carcinoma of the rectum was found, confirmed by 
biopsy and treated with colostomy. The patient died 
181 days after the sternal inoculation from his car- 
cinoma without any indication of leukemic lesions in 
bone marrow or blood. 

The first two cases are still alive and clinically quite 
well without signs of leukemic lesions in blood or 
bone marrow 35 months after the sternal inoculations. 

The second donor, a young man of 16, came to the 
hospital with a history of gastritis. He suffered from 
spongy gums, increasing anemia, and high fever. The 
examination of blood and bone marrow showed a 
severe anemia with a high output of myeloblasts in 
the peripheral blood and in the bone marrow. The 
swollen gums were typical, the liver was enlarged, the 
spleen not palpable. The patient lived for 29 days and 
died from the anemia. The findings at necropsy con- 
firmed the diagnosis. On the fifth day of his illness 
while in the hospital his sternal marrow was used for 
transmissions. The peripheral blood showed 4.68 
gm./per cent hemoglobin, the leukocyte count was 
11,200 of which 99 per cent were myeloblasts. The 
sternal marrow was fluid, very cellular, and contained 
only 5 per cent normoblasts and 91 per cent myelo- 
blasts. 

Recipients—(1) A man of 45, treated 12 months 
ago for a squamous cell carcinoma of the tongue with 
biopsy and radium needling. The lymph nodes of the 
neck were excised 10 months ago for a secondary de- 
posit, followed by a course of deep x-ray 2 months 
later. For the last 8 months the patient was without 
further noticeable recurrences. 


eS 


(2) A man of 88, treated with radium needling and 
deep x-rays for a squamous cell carcinoma of the 
tongue 3 years ago. The patient had secondary de- 
posits in the lymph nodes of the neck, removed 13 
months ago. 

(3) A man of 67, treated with radium needles for 
squamous cell carcinoma of the tongue 15 months ago, 
followed by a course of deep x-rays to the neck 9 
months later and excision of the lymph nodes of the 
neck a week prior to the inoculation. 

Blood and bone marrow of these 3 recipients before 
and up to 26 months after the inoculation gave no 
evidence of leukemic lesions, progressive anemia, 
splenic or lymph node enlargement, or lesions of the 
gums. 

The third donor, a man of 41, came to the hospital 
with dental symptoms which had persisted for 3 
weeks. On examination he had ulcerated spongy 
bleeding gums, a swinging temperature, an enlarged 
liver, a string of palpable lymph nodes in the neck, 
a progressive severe anemia and an increased leu- 
kocyte count. The patient died after 36 days in the 
hospital and at necropsy had the typical lesions of an 
acute myeloblastic leukemia, involving gums, lymph 
nodes, liver, spleen and bone marrow. The sternal 
marrow of this case was used for inoculations on the 
19th day of hospitalization. The peripheral blood 
showed 5.3 gm./per cent hemoglobin, 24,000 leu- 
kocytes with 60 per cent myeloblasts. The bone mar- 
row also showed a marked predominance of myelo- 
blasts. 

Recipients—(1) A man of 52, treated for car- 
cinoma of larynx 8 months ago with deep x-rays, 
treated for carcinoma of the tongue with radium 
needling just prior to treatment and 20 days after the 
sternal inoculation. Later, recurrences and secondary 
deposits of his carcinoma of larynx and tongue ap- 
peared. The patient died 108 days after the sternal 
inoculation from hemorrhages from his ulcerated 
throat studded with necrotic cancerous material. At 
necropsy no evidence of leukemic lesions was found 
in the internal organs. 

(2) A man of 52, treated with radium needles 14 
months ago for squamous cell carcinoma of epiglottis 
at the base of the tongue, followed by a course of 
deep x-rays to the neck 8 months prior to, and 10 days 
after, the intrasternal inoculation with leukemic ma- 
terial. This patient died 217 days after the inoculation 
from an aspirative pneumonia due to an ulcerated car- 
cinomatous nodule in his throat. At necropsy no evi- 
dence of leukemic lesions was found in the internal 
organs. 

(3) A man of 77, treated with radon needles 13 
days after the sternal inoculation for a squamous cell 
carcinoma of the tongue extending to the floor of the 
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mouth, and 5 months after with a course of deep 
x-rays to the neck. This patient is still alive after 24 
months and without symptoms or lesions in blood or 
bone marrow which could be related to leukemia. 

The fourth donor was a man of 21 with a history of 
a sore throat and agranulocytosis for 10 days. The pa- 
tient arrived in the hospital with ulcerated gums, a 
painful liver and spleen, a moderate anemia and en- 
largement of the lymph nodes in the supraclavicular 
fossa. Sternal marrow was used for transmission on 
the 36th day of illness. The blood showed hemoglobin 
of 11.7 gm./per cent, a leukocyte count of 347,000 
with 97 per cent of naked nuclei of the “blast” series. 
The bone marrow on that occasion was very cellular 
and 90 per cent of all nucleated elements consisted of 
these primitive “blasts.” The patient died 90 days 
after admission to hospital with anemia, enlarged 
spleen, liver, large mediastinal tumor and generalized 
enlargement of lymph nodes. The microscopical ex- 
amination of liver, bone marrow, lymph nodes and 
mediastinal tumor left no doubt that this case was 
an acute lymphoid and not a myeloblastic leukemia. 

Recipients—(1) A man of 48, treated with radon 
needles for squamous cell carcinoma of the tongue 5 
months prior to, and with excision of the lymph nodes 
of the neck 20 days after, the sternal inoculation. The 
patient is apparently quite well 21 months after the 
sternal inoculation. There is no evidence of leukemic 
lesions in blood, or bone marrow. 

(2) A man of 70, treated with radon needles for a 
squamous cell carcinoma of the tongue 74 months 
prior to, and with excision of the glands 20 days prior 
to, the sternal inoculation. This patient is also ap- 
parently quite well 21 months after the sternal inocu- 
lation without any indication of leukemic lesions. 

(3) A man of 67, treated with radium needles for 
a squamous cell carcinoma of the tongue 11 months 
prior to, and with excision of the lymph nodes of the 
neck 11 days prior to, the sternal inoculation. This 
patient died 101 days after the implantation with a 
recurrent carcinoma and aspirative pneumonia. At 
autopsy no evidence of leukemic lesions was dis- 
covered in the internal organs. 

Details relating to the leukemia donors are sum- 
marized in Table I. 


RESULTS 


No evidence could be detected clinically or hemato- 
logically that the implantations of leukemic bone mar- 
row had any effect whatever on the recipients. No 
abnormal course or complication of the recipients’ 
carcinoma, no change in the recipients’ temperature, 
lymph nodes, spleen, leukocytes, hemoglobin or bone 
marrow could be detected during the time of obser- 
vation which could possibly be attributed to leukemia. 





In no instance could immature leukocytes be detected 
in the peripheral blood. The percentage of myelocytes 
and especially myeloblasts did not increase in the bone 
marrow in any of the recipients. The hemoglobin and 
total leukocyte counts varied slightly. In every in- 
stance secondary deposits of the pre-existing carcinoma 
undergoing necrosis with sloughing or other complica- 
tions such as aspirative pneumonia or hemorrhage 
were responsible. The findings of the repeated blood 
and bone marrow examinations were tabulated, but as 
only insignificant changes were observed this large 
collection of data is being omitted from publication. 

It is obvious that the transmission attempts failed. 
However much the acute and chronic forms of leu- 
kemia differ clinically, both are apparently not trans- 
missible under the circumstances described. Human 
leukemia resembles very closely the leukemia in mice 
and birds. In mice inbred strains are required for 
successful transmissions, but this is not so for birds. 
The lack of transmissibility of acute human leukemia 
has its counterpart in animal leukosis. It is an indica- 
tion that the acute cases are only special forms of the 
chronic ones. They are different clinical manifesta- 
tions of the same process appearing at an earlier date 
with a more rapid course. 

The lack of “takes” in the described transmission 
attempts might be due to several factors such as the 
different genetic structure of the recipients from the 
donors, the age group of the recipients, their state of 
nutrition, and immunity to the implants due to the 
presence of a cancer. It is to be recalled also that as 
some virus-like agents, such as the milk factor, have an 
incubation period of about one-half the lifetime of the 
animal, it might be necessary to observe for a longer 
time than the periods recorded here, human subjects 
into whom leukemic material had been injected. 


SUMMARY 


Acute untreated human leukemia could not be 
transmitted with cellular sternal marrow by the sternal 
marrow route from man to man. No further evidence 
to separate acute and chronic leukemia, in spite of 
their clinical difference, could be brought forward. 
No evidence of a transmissible virus as cause of acute 
leukemia in man was detected. 


REFERENCES 


1. Berk, M. C., and Movitt, E. R. Leukemia Complicated by 
Cancer. Report of a Case. Am. J. Clin. Path., 15:246- 
249. 1945. 

2. Morrison, M., FELDMAN, F., and SaMwick, A. A. Carcinoma 
and Leukemia: Report of Two Cases with Combined 
Lesions: Review of Literature. Ann. Int. Med., 20:75-84. 
1944. 

. Turerscn, J. B. Attempted Transmission of Human Leu- 


cemia in Man. J. Lab. Clin. Med., 30:866-874. 1945. 


Ww 


The Metabolism of 3,4-Benzpyrene into 8- and 10- 
Benzpyrenols in the Animal Body 


I. Berenblum, M.D., M.Sc., and R. Schoental, Ph.D. 


(From the Oxford University Research Centre of the British Empire Cancer Campaign, Sir William Dunn 
School of Pathology, The University of Oxford, Oxford, England) 


With an Appendix on Absorption Spectra by E. R. Holiday, M.A., B. M. 
and E. M. Jope, M.A., B.Sc. 


(From the London Hospital, London, E.1., England) 
(Received for publication June 27, 1946) 


Peacock and his collaborators (12-15, 19) showed 
that injection of 3,4-benzpyrene into various animals 
caused a phenolic derivative to appear in the excreta. 
Further investigation by the present authors led to the 
recognition of 8-benzpyrenol in the feces of benz- 
pyrene-injected mice and rats, associated with 3,4- 
benzpyrene-5,8-quinone (2, 3). 


TaBLe I: APPEARANCE OF THE CHROMATOGRAM (ALUMINA COLUMN 


Separation of zones 


(Top of column) 


Appearance in daylight 


A Narrow zone yellow 

B Fairly wide zone grey 

i Several narrow zones brown; greyish-yellow 

D Fairly narrow zones greenish-brown 

E Diffuse wide zone — 

F Moderately wide zone orange-red with lower 
yellow border 

G Very wide zone (extend- — 


ing to end of column) 


(Bottom of column) 


H Filtrate pale yellow 


In order to provide larger amounts of benzpyrene 
metabolites, and at the same time, to explore the pos- 
sibility of species differences in the mechanism of 
metabolism, this work was extended to the rabbit. 
Preliminary investigations revealed the presence of 
metabolites other than those mentioned above, and a 
more extensive investigation was, therefore, under- 
taken to clarify the problem. 


MATERIALS AND METHODS 


More than 70 rabbits were used for this investiga- 
tion. The animals were kept on a green-free diet for 
at least 3 weeks prior to the commencement of the 





1 For the purpose of investigating, by one of us (R.S.), their 
role in the mechanism of tumor inhibition by the parent 
hydrocarbon. 


experiment (7. e., until the feces were free from chloro- 
phyll and related colored substances that would have 
interfered with the subsequent chromatography), and 
the same diet was maintained during the experiment. 
This diet consisted of bread once a week, bran 3 times 
a week, oats 3 times a week, and water daily. Though 
such a diet may not be adequate for the rabbit when ad- 


) FROM CRUDE FEcEs Extract (BENZPYRENE-INJECTED RABBITS) 


Appearance in 
ultraviolet light 


(fluorescence) Constituents present 


faint greenish-blue strongly adsorbed constituents of 
normal feces 

(?) probably contains derivatives 
of benzpyrene 

moderately adsorbed constituents 
of normal feces 


violet 


non-fluorescent 


strong bluish-white and phenolic derivatives of benz- 
greentsh-yellow pyrene 
pale shiny greenish- mainly sterols; present in normal 
yellow feces 
pink quinone derivatives of benz- 
pyrene 


strongly violet unchanged benzpyrene 


strongly violet unchanged benzpyrene 


ministered for long periods, no harmful effects could 
be detected during the relatively short period of the 
experiment. 

Each rabbit received a single intraperitoneal injec- 
tion of 5 ml. of a saturated solution of 3,4-benzpyrene 
in arachis oil (representing about 100 mgm. of benz- 
pyrene per rabbit), and the feces were collected during 
the subsequent 2 to 3 weeks. The feces were dried in 
air, ground to a fine powder, and extracted with ben- 
zene by percolation at room temperature. The pooled 
benzene extracts were passed through columns of 
alumina (B.D.H.* Ltd.) for chromatographic separa- 
tion. The appearance of the chromatogram, both in 


daylight and in ultraviolet light, are described in 
Table I. 


- British Drug Houses, Ltd. 
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The colored zone (F) and the strongly fluorescing 
zone (D) were separated by cutting the developed 
column, and were eluted—the former with chloroform 
and the latter with methanol. These were then fol- 
lowed up independently. 

Colored fraction F.—The chloroform eluate was 
evaporated to dryness, and the residue dissolved in 
benzene and passed through a column of alumina. On 
development of the column with benzene, the red- 
colored zone displayed a yellow border at the lower 
end, which moved down on further development with 
larger quantities of benzene. Complete separation of 
the lower yellow from the upper red zone was not 
found possible even on prolonging the development 
for several days. But by repeated cutting and rechro- 
matographing of the two extreme parts of the respec- 
tive zones (7. e., by concentrating on the upper parts of 
the red zone and the lower parts of the yellow, on 
each occasion), it was possible to obtain sufficient of 
the two components in a pure state for their identif- 
cation. 

From their colors, chromatographic behavior, and 
their color reactions with sulfuric acid, 7. e., olive green 
with the red, and cherry red with the yellow com- 
pound, respectively (20), it appeared probable that the 
red component was the 5,8-quinone, and the yellow 
component the 5,10-quinone of benzpyrene. This was 
confirmed by identifying the distinctive fluorescence 
spectra of their reductive methylation products as 
those of 5,8- and 5,10-dimethoxybenzpyrenes (2). As 
was to be expected, the reductive methylation product 
of the (mixed) middle zone provided a spectrum con- 
taining the bands of both compounds. 

Fluorescent fraction D.—The fluorescent (phenolic ) 
fraction of the original alumina column (fraction D), 
after elution with methanol and concentration zn 
vacuo, was methylated with methyl sulphate and ex- 
cess of NaOH. 

Photographic examination of the fluorescence spec- 
trum of this methylated product, elicited a complex 
band system (B, Fig. 1), strongly suggestive of a mix- 
ture of substances, since in addition to the bands of 
8-methoxybenzpyrene, there were some in positions 
not previously identified. 

Separation of the components was, therefore, at- 
tempted by the method of fluid chromatography. A 
solution of the methylated product in light petroleum 
was passed through a column of alumina, whereby all 
the material was adsorbed at the top. The column 
was then developed with light petroleum, followed by 
mixtures of light petroleum and benzene, and finally 
with benzene alone, the eluates being collected in 
separate lots, each of which was examined photo- 
graphically for its fluorescence spectrum (C-F, Fig. 1). 
Those samples having identical spectra were recom- 





bined, and where resolution was evidently not satis- 
factory, the process of fluid chromatography was 
repeated. 

Complete separation of the unknown component 
from the 8-methoxybenzpyrene presented great dif- 
ficulties, involving prolonged and repeated fluid chro- 
matography, and entailed considerable losses of ma- 
terial. However, small amounts of the two separated 
components were ultimately obtained, by concentrat- 
ing on the first few and the last few samples, respec- 
tively, from each chromatogram, the bulk of material 
remaining as mixtures in the middle fractions. The 
evidence, so far, pointed to the presence in the extracts 
of the rabbit’s feces of at least 4 derivatives of benz- 
pyrene, of which 3 (8-hydroxy-, 5,8-quinone, and 5,10- 
quinone) were known, while 1 was unknown. The 
unknown was phenolic in character, and probably a 
monohydroxy- derivative, as judged by the chromato- 
graphic behavior of its methylated product. (Di- 
methoxybenzpyrenes are more strongly adsorbed on 
alumina than monomethoxybenzpyrenes, and are, 
therefore, easily separated from 8-methoxybenz- 
pyrene. ) 

Judging from the previous evidence (2) that the 
5,8-benzpyrenequinone in mouse and rat feces was 
apparently derived from the phenolic metabolite (8- 
hydroxy-) by further oxidation (possibly by non- 
metabolic oxidation), an indication as to the probable 
position of the hydroxy- group in the unidentified 
compound could be inferred from the presence in the 
rabbit’s feces extracts of the 5,10-quinone. Only the 5- 
or the 10- hydroxybenzpyrene could give rise to this 
product. The former was excluded, since the fluores- 
cence spectrum of the unknown was slightly, but 
quite definitely, different from that of synthetic 
5-methoxybenzpyrene (M, Fig. 1). (See also appendix 
for ultraviolet absorption spectrum.) There was, there- 
fore, an indication that the methylated unknown 
rabbit metabolite was 10-methoxy-benzpyrene, and the 
metabolite itself, therefore, 10-benzpyrenol. 

At the time these metabolic studies were in progress, 
10-methoxybenzpyrene was not known. It has since 
been synthesized by one of us (R.S.) in collaboration 
with Prof. J. W. Cook, F.R.S.* Its fluorescence spec- 
trum (N, Fig. 1) was found to be identical with that 
of the methylated unknown metabolite of the rabbit, 
and the same applied to their respective ultraviolet 
absorption spectra (See Appendix). Thus, the pre- 
vious indication that the unknown metabolite was 10- 
benzpyrenol, received very strong support. 

Though there was not enough of this metabolite for 
it to be identified by oxidation to the 5,10-quinone 
and the conversion of the latter into 5,10-dimethoxy- 





° This synthesis will be described elsewhere. 
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A Methylated metabolite, mouse (in benzene) 

















B 7 7 rabbit ( 7 ) 
C 
D Successive fractions of fluid chromatography of methylated rabbit 
metabolite 
{ ‘| 
E (in mixtures of light petroleum and benzene) 
; 
G f 
H 
Successive fractions of fluid chromatography of methylated rat 
metabolite 
J (in light petroleum) 
K 
Main band 
mye 
L  3,4-benzpyrene (BP) (in liquid parafhn) 405 
M 5-methoxy-BP (synthetic) m 412 
N_ 10-methoxy-BP ( “ __ ) ms 415 
O- 8-methoxy-BP (methylated metabolite ) . 426 
P Chromat. fraction of methylated rat metabolite " 415 
426 
Q Fraction V (from rat metab.) ” 389 
R= 5,10-dimethoxy-BP (synthetic) ™ 425 
S  5,8-dimethoxy-BP ( “  ) ” 437 





Fic. 1.—The “peak” spectra (L-S) were obtained by the “moving edge” method (5). 
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benzpyrene, this procedure was carried out on the 
mixture containing the unknown together with the 
8-methoxybenzpyrene. This yielded a product exhibit- 
ing the fluorescence bands of both the 5,8- and 5,10-di- 
methoxy- isomers. 

The presence of 10-benzpyrenol and 5,10-benz- 
pyrenequinone, besides the 8-benzpyrenol and _5,8- 
benzpyrenequinone in the rabbit feces, seemed at first 
to indicate a species specificity in the metabolism of 
benzpyrene, analogous to that observed with other 
hydrocarbons (7-11, 16, 17). However, inspection of 
the earlier plates containing the fluorescence spectra 
of benzpyrene metabolites of rats and mice (See A, 
Fig. 1), suggested, in the light of the newly-acquired 








spectrum of synthetic 5,8-dimethoxybenzpyrene, pre- 
pared from carefully purified 5,8-quinone (See §, 
Fig. 1) and those shown in the previous publication 
(2), makes it clear that the initial small peak in the 
spectra of the latter (both in the case of the synthetic 
and metabolic products) was in fact due to small 
traces of 5,10-dimethoxybenzpyrene; and _ similarly, 
that the slight fluorescence immediately preceding, 
and merging with, the major band of 8-hydroxy- (and 
8-methoxy-) benzpyrene (A, Fig. 1) was due to traces 
of the 10- isomer (Fig. 2). 

The presence of other metabolites —The additional 
fluorescence in the region of 390 my in the original 
8-hydroxy- (and 8-methoxy-) benzpyrene (A and P, 





Fic. 2.—Spectrograms of the long wave band systems of 10-methoxy-3,4-benzpyrene, 3,4-benzpyrene, and 8-methoxy-3,4- 


benzpyrene, all in hexane. 


experience, that the metabolism of these animals 
needed reinvestigating. 

Reinvestigation of benzpyrene metabolism in rats. 
—Thirty rats were injected intraperitoneally with a 
saturated solution of benzpyrene in arachis oil (7.e., 
about 40 mgm. per rat), and the feces collected and 
worked up in the usual manner. Careful chroma- 
tography of the methylated phenolic fraction revealed 
the presence of 10-methoxybenzpyrene in the rat as 
in the case of the rabbit (G-K, and P, Fig. 1); while 
a careful follow-up of the colored zones revealed also 
the presence of 5, 10-benzpyrenequinone. However, 
the relative proportion of the 10- and 5,10- to the 8- 
and 5,8- isomers, respectively, appeared to be lower in 
the rat than in the rabbit extracts. 

Moreover, a comparison between the fluorescence 


Fig. 1), to which attention was drawn in the previous 
publication (2), was at the time suspected as being 
due to an impurity. In the present reinvestigation of 
the problem, it was found possible, by careful, re- 
peated chromatography, to separate this component 
(Q, Fig. 1) from the methylated mixture, both in the 
case of the rat and the rabbit extracts. There seems 
little doubt that this product (called ‘fraction V’ in 
Fig. 1) is also derived from the injected benzpyrene. 

However, in contrast to all the substituted benz- 
pyrene derivatives so far studied, product V exhibits a 
fluorescence spectrum shifted to the shorter wave 
length as compared to that of benzpyrene (Compare 
Q with L-O, Fig. 1). While this might conceivably 
result from partial de-aromatization, or actual break- 
up, of the molecule of benzpyrene, further work is 
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needed to prove the point. Its absorption spectrum 
(See Appendix) is also very different from any of 
the known benzpyrene derivatives, and suggestive of 
a conipound of simpler structure. The true nature of 
product V has, however, yet to be determined. 

The strongly adsorbed fluorescent material (zone B, 
in Table I), which is as well considered to be derived 
from benzpyrene (21-23), was not investigated in 
detail. 

DISCUSSION 


In any attempt to interpret the significance of the 
metabolic oxidation of 3,4-benzpyrene into its 8- and 
10-hydroxy derivatives, the following facts have to be 
taken into account: 

1. These positions in the benzpyrene molecule are 
not the ones which are chemically the most reac- 
tive (the latter being the 5- position), but represent 
the positions of secondary reactivity. In this respect, 
the metabolism of benzpyrene conforms to that of 
1,2-benzanthracene (4), 1,2,5,6-dibenzanthracene (11), 
and probably of 9,10-dimethy1-1,2-benzanthracene (1). 
In the metabolism of chrysene (6), the position at- 
tacked (1.e., 3-) is also not the most reactive, though 
whether it represents the position of secondary reac- 
tivity, has not yet been established. 

2. Unlike the 5- position of benzpyrene, the 8- and 
10- are both positions where the addition e.g. of H.O. 
in the form of two OH groups to adjacent c atoms 
(called by Fieser “perhydroxylation”) are possible, as 
is the case with the metabolites of the other polycyclic 
hydrocarbons so far studied. In the case of anthracene 
(7, 8), such an intermediate dihydro-dihydroxy-mech- 
anism has actually been established, but the evidence 
in support of a similar mechanism in the case of 3,4- 
benzpyrene (21-23) does not seem to be conclusive. 

3. Both the 8- and 10- positions of benzpyrene are 
alpha positions to angular double bonds (the 8-, in 
relation to the double bond 6,7-, the 10-, to the double 
bond 1,2-) corresponding to 1- positions in the phen- 


i 10 
2 YN9 
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\/ 8 
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anthrenoid parts of the molecule (rings IT, III, 1V and 
II, V, IV respectively). The same applies to the posi- 
tions of metabolic oxidation of 1,2-benzanthracene (4), 
of 1,2,5,6-dibenzanthracene (11), and of chrysene (6). 

There is as yet not sufficient evidence to say whether 
these three indications are inter-related. They may 
well point to the same underlying mechanism of meta- 
bolic oxidation for the whole group of polycyclic 
hydrocarbons. 


SUMMARY 


After intraperitoneal injection of 3,4-benzpyrene 
into rabbits, the feces were found to contain 8- and 
10-benzpyrenols and 5,8- and 5,10-benzpyrenequinones. 

A reinvestigation of the metabolism of benzpyrene 
in rats revealed the presence of the same products in 
their feces, though the relative amounts of 10-benz- 
pyrenol and 5,10-benzpyrenequinone in relation to the 
8- and 5,8- isomers, were less in the rat than in the 
rabbit extracts. 

Evidence was obtained of the presence in rabbit and 
rat feces of other fluorescent products, probably de- 
rived from benzpyrene. Their nature has not yet been 
determined. 
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Appendix 


The Absorption Spectra of Some Methoxybenzpyrenes and of Methylated 
Derivatives of Metabolic Products of Benzpyrene* 


E.R. Holiday, M. A., B. M., and E. M. Jope, M. A., B.Sc. | 


(From the London Hospital, London E.1., England) 


In a previous communication (1) the absorption 
spectra of synthetic 5,8- and 5,10-dimethoxy- deriva- 
tives of 3,4-benzpyrene and of a purified methylated 
metabolite of 3,4-benzpyrene (deduced to be 8-mono- 
methoxybenzpyrene) were presented. Synthetic 5- and 
10-methoxybenzpyrenes have now become available, 
the former prepared by Berenblum and his associates 
(1) by the method of Fieser and Hershberg (2), the 
latter by Cook and Schoental (See Fluorescent fraction 
D, above). In the present paper, the absorption spec- 
tra of 5-, 8-, and 10-methoxybenzpyrenes are reported, 
and are represented in Fig. 3. 

The absorption spectra of two synthetic mono- 
methoxybenzpyrenes (5-, and 10-), of two synthetic 
dimethoxybenzpyrenes (5,8- and 5,10-) and of one 
methylated metabolite (8-) whose structure has been 
established, are therefore now available for compari- 
son with those of methylated metabolic products of 
benzpyrene investigated in the present work. 





* This work was aided by maintenance and expenses grants 
from the Medical Research Council. 


For this comparison, two methods have been used. 
First, the standard determination of the absorption 
curve by means of a Hilger Spekker photometer with 
a medium quartz spectrograph, using a spark be- 
tween tungsten steel electrodes or a 108 watt Tungsten 
ribbon filament lamp as light source. Secondly, the 
moving plate device (3) adapted to the Hilger me- 
dium spectrograph, using a hydrogen discharge tube, 
or alternatively, the ribbon filament as light source. 
This latter method gives a high resolving power for 
fine structure bands in absorption spectra and, in the 
case of polycyclic aromatic hydrocarbons where 20 
or 30 such bands are identifiable, affords a highly 
specific test of structural identity. 

In the absorption spectra of the benzpyrene series of 
compounds examined here, 3 groups of bands are 
found. The long wave length group is the most sensi- 
tive to alteration in the position of substituents. In this 
group the long wave length bands are very sharply 
defined and therefore located with precision ( +0.15 
mp on the medium spectrograph). In spite of the low 
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Fic. 3.—Spectral absorption curves of 3,4-benzpyrene (—-—-—-—--—---— ), 5-methoxybenzpyrene ( ), 8-methoxy- 
benzpyrene (............ ), and 10-methoxybenzpyrene (—---—-—-—-—-— ), all in hexane. The 5- and 10- were synthetic specimens; 


8- was methylated metabolic product whose structure was deduced by Berenblum and his group (1). The absorption spectrum 
of 8- derivative is drawn to arbitrary vertical scale, as insufficient of specimen was available for accurate weighing. 

Lower part of figure represents positions of fine structure bands of 3,4-benzpyrene, three mono-methoxy- and two di- 
methoxybenzpyrenes, and two methylated rabbit metabolites. Relative intensities of bands are indicated by heights of lines. 
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dispersion of the spectrograph at about 400 my, the 
favorable resolution of the fine structure bands obtain- 
able with the moving plate method, as compared with 
the standard method, is shown by the fact that the 
bands of the long wave systems of the absorption spec- 
tra of benzpyrene and its derivatives are resolvable 
into as many as four bands by the former method 
whereas they are not resolvable by the latter. 

An illustration of the type of spectrogram obtained 
by the moving plate method is given in Fig. 2 in 
which are shown portions of the spectrograms ob- 
tained with 3,4-benzpyrene and 8- and 10-monometh- 
oxybenzpyrenes. In Fig. 3 are also shown the band 
positions of benzpyrene and five methoxy derivatives. 
These are compared with band positions of the two 
methylated benzpyrene metabolites isolated from both 
rabbit’s and rat’s feces. The first methylated metab- 
olite has already been described (1) as 8-methoxy- 
benzpyrene. The correspondence between the bands 
of the second methylated metabolite with synthetic 
10-methoxybenzpyrene is close. All the high intensity 
bands agree in position. The fine structure of the 
absorption spectrum of the methylated metabolite is 
not quite so well resolved as that of the synthetic com- 
pound, some low intensity bands present in the latter 
are absent in the former, and there is an extra band 
in the spectrum of the metabolite at extremely long 
wave length (431 mp). From these observations it 
is concluded that the metabolite is not in such a high 
state of purity as the synthetic compound. 





The correspondence of the intensities and band posi- 
tions between the 5,10-dimethoxybenzpyrene and the 
reductive methylation product of the metabolic yellow 
quinone is also very close. Again the resolution of the 
spectrum of the metabolite is not quite so good as 
that of the synthetic compound. Nevertheless it is evi- 
dent that the methylated product of the metabolic 
yellow quinone is substantially 5,10-dimethoxybenz- 
pyrene. 

An examination of the absorption spectrum of frac- 
tion V (See The presence of other metabolites, above) 
showed no absorption above 390 mp. This indicates 
the absence of the benzpyrene nucleus in fraction V, 
Several complex band systems were observed at wave 
lengths shorter than 390 my, which suggest a structure 
with a lower number of conjugated ring systems than 
in benzpyrene, possibly a phenanthrene derivative, 
which might have resulted from hydrogenation or 
break-up of two rings. 
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Neoplasms of the Adrenal Cortex in Noncastrate Mice* 


Arthur Kirschbaum, Ph.D., M.D., Marthella Frantz, B.S., and 
W. Lane Williams, Ph.D. 


(From the Department of Anatomy, University of Minnesota Medical School, Minneapolis 14, Minnesota) 


(Received for publication August 1, 1946) 


Neoplasms of the adrenal cortex have appeared 
following gonadectomy in mice of both sexes of cer- 
tain strains (2, 3, 10-17), and there were indications 
that such adenomas secreted estrogenic hormone. 

Although the incidence of cortical adenomas was 
high in gonadectomized mice of these strains, similar 
tumors in noncastrate animals are apparently very rare 
(1, 8). Consequently, it was of interest to the authors 
that in the Minnesota line of the NH strain of mice + 
adenomas appeared spontaneously in a majority of 
female mice over 12 months of age. Although true 
carcinomas have not been observed thus far in females 
of this stock, two malignant adrenal cortical tumors 
have appeared in male animals, one in an intact NH 
mouse almost 2 years of age, a second in an F, 
hybrid male (NH x Strong A) which had received 
whole body irradiation with x-rays. These tumors 
were approximately one-third the size of the kidney. 
Cortical neoplasms also appeared in mice of other 
stocks which have been irradiated with x-rays. This 
subject will be discussed in a future communication. 


MATERIALS AND METHODS 


Zenker-fixed adrenal glands of untreated NH male 
and female mice of different ages were sectioned 
serially at 4 microns, every fifth section being mounted. 
Sections were stained with hematoxylin and counter- 
stained with either eosin or Mallory’s basic fuchsin. 
All female mice had been bred. The reproductive 
tracts were examined grossly and microscopically for 
evidence of the effects of secretion of sex hormones by 
the abnormal adrenal cortices. 


RESULTS 
NH female mice.—The adrenal glands of 14 female 


mice that were killed after one year of age were ex- 
amined microscopically; 13 had adrenal cortical ade- 
nomas. Grossly these glands were in some instances 








* This investigation has been aided by grants from The Jane 
Cofin Childs Memorial Fund for Medical "esearch, the Na- 
tional Cancer Institute, and the Cancer Fund of the Graduate 
School of the University of Minnesota. 

1 This stock was obtained in the 8th inbred generation from 
Dr. L. C. Strong of the Yale University School of Medicine. 


merely nodular and only slightly enlarged, if at all, 
whereas in other cases the gland was from 2 to 4 
times normal size. The glands of female NH mice 
were in general larger and whiter than those of 
males. In order to demonstrate adenomas histologi- 
cally, serial sections of the adrenal glands were re- 
quired. If an area of subcapsular hyperplasia invaded 
almost the entire thickness of the adrenal cortex, 
and “clear cells” as well as fibroblast-like elements 
were present, then the development was classified 
as an adenoma (Fig. 3). In several instances most of 
the adrenal cortex was replaced by adenomatous tis- 
sue (Figs. 6 and 10) although grossly the gland was 
but slightly enlarged. 

Hyperestrinism was definitely demonstrated in one 
case. This was in a mouse 18 months of age. In 
spite of the obvious secretory inactivity of the ovary 
(Fig. 13), the endometrium was hypertrophic (Fig. 
11) and the vaginal epithelium (Fig. 12) showed evi- 
dence of estrogenic stimulation. Fig. 10 indicates the 
appearance of an adrenal gland of this animal; most of 
the cortex was transformed into adenomatous tissue. 
The latter was histologically similar to the cortical alter- 
ations which have been described in castrate mice (14). 
Immediately beneath the capsule were basophilic fibro- 
blast-like elements, the subcapsular “type A” (12) 
cells (Fig. 2). Among these there developed rosettes 
of the “clear” or “type B” cells (Fig. 4). Some spon- 
taneous tumors were composed chiefly of subcapsular 
type A cells (Fig. 1), but in most instances rosettes 
of type B cells were found within the new growth. 

Concerning the origin of the type A cells, it was 
the impression of the authors that they were derived 
from the capsule itself, rather than from cells of the 
zona glomerulosa. The type B cells represent differ- 
entiated type A elements. Regeneration of normal 
adrenal cortex from capsular elements has been de- 
scribed by several investigators (5, 9, 18). 

NH male mice——In 8 male mice over one year of 
age adenomas were not observed although subcapsular 
hyperplasia of type A cells (Fig. 5) was present. 
One spontaneous cortical tumor has been observed 
in a male mouse and this was larger (5 mm. in 
diameter) than any of the tumors that appeared in 
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females. The tumor was composed of cords of un- 
differe.itiated cells which resembled type A cells to a 
greater degree than any other cortical cell (Fig. 8). 
The cytoplasm was more abundant, however, than 
in the type A cell of an adenoma, and there was a 
tendency towards the rosette formation which char- 
acterizes the “clear cells.” Mitotic figures were pres- 
ent. Neither cortex nor medulla of the original 
adrenal gland could be found. Histologically this 
neoplasm might be classified as an adenoma rather 
than a carcinoma. It proved to be transplantable, 
and a growth | cm. in diameter was attained in the 
first transfer generation 6 weeks following transplanta- 
tion. This tumor was similar in structure to the 
spontaneous cortical tumor reported in an intact female 
of the C strain (1). 

Cortical carcinomas have been found in male mice 
irradiated with x-rays. One of these was in an F, 
hybrid cross between strains NH and Strong A that 
had received a total of 1,000 r of x-rays more than a 
year preceding autopsy. Sections are shown in Figs. 
9 and 14. This tumor proved to be transplantable 
in F, hybrid mice of the same genetic constitution as 
the original host. This tumor and the neoplasm in 
the other NH male described above are classified 
as malignant on the basis of their microscopic struc- 
tures. In neither host was there evidence of metastasis. 

The germinal epithelium of both tumor-bearing 
male mice was spermatogenically active (Fig. 15). 
In the intertubular areas there were numerous “brown 
cells” which might suggest estrogenic secretion by 
these tumors; injections of estrogenic hormone into 
male mice result in the appearance of similar brown 
cells of the testis (4). Seminal vesicles were atrophic 
and did not evidence any effects of androgenic 
secretion. 


DISCUSSION 
These observations indicate that in the NH stock 


of mice gonadectomy is not necessary for the develop- 
ment of cortical neoplasms of the adrenal. They occur 
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spontaneously in intact mice of both sexes. Animals 
bearing such tumors have all been beyond 1 year of 
age. Gonadectomy in this stock accelerates the onset 
of adenoma formation (6). Other adenomas which 
have been described following ovariectomy in the NH 
stock were in general larger than the spontaneous 
tumors reported here (3). They were also reported 
in older animals, and all of such tumors gave evi- 
dence of secretion of estrogen. 

In most instances there was no evidence of pro- 
nounced estrogenic stimulation of the female repro- 
ductive tract in animals bearing spontaneous cortical 
adenomas. Further study is necessary to determine 
whether involution of uterus and vagina is delayed 
in this stock as compared with others that do not 
develop cortical adenomas. In one case hyperestrin- 
ism was demonstrated, indicating that spontaneous 
adenomas of the adrenal cortex, as well as those 
induced by castration, may secrete estrogenic hormone. 
Additional observations will be required to determine 
whether steroid hormones other than the estrogenic 
are produced by these adenomas. 

The cells of the cortical adenomas which have been 
associated with the secretion of estrogen are the 
type B “clear cells.” These possess a cytoplasm with 
little affinity for either acid or basic dyes; sparse 
acidophilic granulation appears in many of the cells. 
Similar cells can be seen occasionally in the ovaries 
of old mice of the NH stock (Fig. 7). The authors 
have studied an x-ray-induced ovarian tumor that was 
actively secreting estrogen and possessed similar clear 
cells. 

The tendency towards development of adrenal cor- 
tical tumors following gonadectomy has been found 
to be present in stocks of mice with striking sus- 
ceptibility (appearance of cancer in a high percentage 
of virgin females) towards the development of mam- 
mary tumors (10). This susceptibility was manifested 
only in the presence of the milk agent when adrenal 
adenomas served as the source of estrogenic hormone 


DESCRIPTION OF FIGURES 1 TO 9 


Fic. 1.—Spontaneous tumor of the adrenal cortex composed 
almost entirely of basophilic type A cells. From female NH 
mouse 16 months of age. Mag. 40. 

Fic. 2.—Type A cells from a spontaneous ademona occurring 
in a female NH mouse. Mag. 250. 

Fic. 3.—-Spontaneous adenoma from adrenal cortex of female 
NH mouse. Note type A cells and rosettes of the type B “clear 
cells.” Mag. X 160. 

Fic. 4.—Type B “clear cells’ from a spontaneous cortical 
adenoma. Mag. X 350. 

Fic. 5.—Hyperplasia of type A cells beneath the capsule of 
the adrenal of a male NH mouse 14 months of age. Mag. 
X 160. 

Fic. 6.—Section through the adrenal gland of a female NH 
mouse 17 months of age. Adenomatous tissue of the cortex 1s 


outlined in white; remaining cortical tissue normal. The cells 
which photograph black are ‘‘brown cells’ stained with basic 
fuchsin. Mag. X 40. 

Fic. 7.—Cells of ovary from an old NH female. Note re- 
semblance of these cells to the type B “clear cells” in Fig. 4. 
Mag. X 250. 

Fic. 8.—Section from cortical neoplasm occurring in an NH 
male 23 months of age. The tumor cells resemble type A cells, 
although the cytoplasm is more abundant. Grossly tumor was 
5 mm. in diameter. Mag. X 250. 

Fic. 9—Section of carcinoma of the adrenal cortex appearing 
in an Fi hybrid male (strain NH crossed with Strong A strain). 
Mouse was 16 months of age and had been irradiated with 
1000 r of x-rays in divided doses one year earlier. Mag. X 250. 
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in gonadectomized mice (7). The NH stock does 
not develop spontaneous mammary cancer (6), and 
reciprocal crosses have demonstrated that this stock 
lacks the milk agent (6). NH females might possess 
the “normonal constitution” associated with pro- 
nounced susceptibility to mammary cancer develop- 
ment, but lack other factors necessary for the genesis 
of spontaneous mammary cancer. 

Since adrenal cortical adenomas develop following 
castration, it might be inferred that the adenomas of 
the NH stock appear subsequent to the spontaneous 
cessation of gonadal activity. In the two cases of 
cortical tumor appearing in males, however, the germi- 
nal epithelium was active in the production of sperm 
(Fig. 15). These mice were not “physiologic castrates” 
from the standpoint of germ cell production, although 
the androgenic output of the testes was probably low 
as judged by the histology of the seminal vesicles. 
Androgenic secretion might have been counterbalanced, 
however, by the estrogen production of the tumors. 


SUMMARY 


In the NH stock of mice gonadectomy is not neces- 
sary to induce the development of neoplasms of the 
adrenal cortex. Adenomas of the adrenal cortex ap- 
peared spontaneously in 13 of 14 intact female mice 
over one year of age. In one instance the secretion 
of relatively large amounts of estrogenic hormone by 
such an adenoma was demonstrated. Cortical ade- 
nomas are probably relatively infrequent in male mice 
of this stock. Two histologically malignant adrenal 
cortical tumors found in male mice are described. The 
testes of both mice were spermatogenically active. 
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DESCRIPTION OF FIGURES 10 TO 15 


Fic. 10.—Cortical adenoma occurring spontaneously in an 
NH female mouse 18 months of age. Adenomatous tissue 1s 
outlined in white. Remainder of cortex normal. Mag. X 40. 

Fic. 11.—Hypertrophic endometrium taken from same mouse 
whose adrenal is shown in Fig. 10. Cystic glands are in- 
dicative of hyperestrinism. Mag. X 90. 

Fic. 12.—Vaginal epithelium from same mouse. Marked 
stratification of the squamous epithelium indicative of hyper- 
estrinism. Mag. X 100. 

Fic. 13.—Ovary of same mouse, tissues from which are 


shown in Figs. 10-12. Ovary composed of basophilic con- 
nective tissue cells and “brown cells,” which are the large cells 
appearing light-grey in this photograph. Mag. X 40. 

Fic. 14.—Section from carcinoma of the adrenal cortex ap- 
pearing in F; hybrid male (NH XX Strong A) which had previ- 
ously been irradiated with x-rays. Mag. 500. 

Fic. 15.—Section through a seminiferous tubule of the NH 
male bearing the adrenal carcinoma pictured in Fig. 14. Note 
the active germinal epithelium with mature sperm cells. Mag. 


xX 300. 








Transplantation of an Adrenal Cortical Carcinoma’ 


George W. Woolley, Ph.D., and C. C. Little, Sc.D. 


(From the Roscoe B. Jackson Memortal Laboratory, Bar Harbor, Maine) 


(Received for publication July 31, 1946) 


The occurrence of adrenal cortical carcinomas in 
gonadectomized JAX strain ce mice has been reported 
(3). Evidence was presented which indicated that the 
adrenal tumors were the source of internal secretions 
which were stimulating to the accessory sex organs. 
This report concerns transplantation studies with one 
of these tumors. 


REVIEW OF LITERATURE 


One reference to the transplantation of an adrenal 
cortical tumor of the mouse has been found in the 
literature. Dalton, Edwards, and Andervont (1) re- 
ported on a spontaneous, transplantable, adrenal cor- 
tical tumor in a female strain C mouse 2414 months 
of age. They presented evidence that this neoplasm 
originated from relatively undifferentiated cells of the 
adrenal cortex. The failure to find metastases from the 
original growth or the transplanted tumors suggested 
that the neoplasm was relatively benign in character. 
However, the rapid growth rate attained in later gen- 
erations plus invasion of the capsule indicated a cer- 
tain degree of malignancy. Careful examination tor 
gross and histologic changes, particularly in the uro- 
genital system and adrenal glands, was made. In 
female hosts focal edema was noted in the deeper 
layers of the endometrial stroma of the uterus; no 
changes were noted in the genital system of male 
hosts. 


MATERIAL AND METHODS 


This report is based on an adrenal cortical car- 
cinoma P1699 arising in an ovariectomized ce strain 
mouse. Some data regarding the original tumor and 
its host have been included in earlier reports (3, 4). 
Tumor transplatation was into ce strain mice unless 
otherwise noted. 

The tumor tissue was transplanted into four types 
of mice: (a) gonadectomized females, (b) gonadec- 
tomized males, (c) intact females, and (d) intact 
males. When gonadectomized mice were used, the 
gonads had been removed 1 to 3 days after birth. 





* This work has been aided by grants to the Roscoe B. 
Jackson Memorial Laboratory from the Commonwealth Fund, 
The Anna Fuller Fund, The Jane Coffin Childs Memorial Fund 
for Medical Research and The National Advisory Cancer Council. 
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The mice were kept in compartments (6 x 12 
inches) in groups of 2 or 3 to a compartment. They 
were fed Purina fox chow ana water. | 

Transplantation was into young mice and autopsy 
was performed at various mature ages. (See Tables I, 
IT, III, 1V.) Following autopsy macroscopic as well as 
microscopic observations were made on many organs, 
including the submaxillary glands, mammary glands, 
seminal vesicles and prostates and, in the female, 
uterus and vagina. The mammary glands were fixed 
on the skin and examined in gross mounts. 

The tumors were classified according to size as fol- 
lows: Microscopic to 0.5 cm. in diameter (small); 
9.5 cm. to 1.5 cm. in diameter (medium); greater than 
1.5 cm. in diameter (large). 


RESULTS 


The adrenal cortical carcinoma P1699 has been de- 
scribed (2, 3) but a brief review is given here. The 
original mouse, an ovariectomized female 17 months 
of age at autopsy, had 2 adrenal tumors. The larger 
tumor, the one that was on the left side, was trans- 
planted. Two main types of tumor tissue were present 
in the original tumor. These will be designated type 
I and type II as has been done in another report (5). 
Examples are shown in Figs. | and 2. 

In the original host the submaxillary gland was not 
of female, but of male, type. The uterus was large in 
diameter. The epithelial cells lining the lumen of the 
uterus were tall columnar with centrally placed nuclei 
similar to (4) Fig. 3. This nuclear position was espe- 
cially pronounced in the uterine glands. The vaginal 
epithelium was 2 cell layers thick and mucified, al- 
though only moderately mucified as compared to 
others in the ovariectomized series, that is, to (4) 
Fig. 6. 

The mammary glands were of medium length and 
narrow when compared to those of ce strain virgin 
females of similar ages. No alveoli, or end buds, the 
latter indicative of active mammary gland growth, 
were present. 

Ovariectomized female mice.—Adrenal tumor P1699 
was transplanted intraperitoneally into 5 ovariecto- 
mized female mice when they were 21 to 39 days of 
age. In 39 day old mouse P2003 it was transplanted 
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subcu:aneously. Autopsy was at ages ranging from 
131 to 340 days; that is, the tumors were carried from 
98 to 319 days. The transplants developed in 5 of 
the 6 mice. A summary of the data is presented in 
Tabl. I. 

The transplant consisted entirely of type I tumor 
tissue in 3 mice, a type characteristic of the major 
part of the original tumor. In 2 mice, P2003 and 
P2126, small areas of type II adrenal cortical tumor 
tissuc were also present, as in the original tumor. 
These 2 animals were of the first and second trans- 
plant generation respectively. 

The uterus of P2231 was not larger than that ex- 
pected in a typical castrate. The epithelial cells lining 
the slit-type lumen were cuboidal. In three mice, 
P1874, P2003, and P2203, the uteri were larger than in 


the castrate type but were still small in diameter. The 


were uniform in development. In genezal the ducts 
were of medium length, narrow, moderately branched, 
and without end buds or alveoli. They were the best 
developed in P2218 which had carried the tumor 
transplant over the longest time and were the least de- 
veloped in P2231 in which the transplant was negative. 

P2231 in which the tumor transplant did not grow 
was the only mouse in the series with an adrenal cor- 
tical tumor in each adrenal. These were small but 
typical adrenal cortical carcinomas. 

Among the 5 with successful transplants, 4 had no 
primary adrenal cortical tumors, although P2126 had 
an area of the type which has been interpreted as 
precancerous (2). P2230 had a tumor of the left 
adrenal about 7 mm. in diameter. It is probable that 
the transplant grew exceptionally slowly in this mouse 
as it was not noticed in palpating the animal 111 days 


TABLE I: ADRENAL Tumor P1699 IN OvariecromizepD MICE 
Generation Days of Days of Size of Thickness Sub- Primary 
Mouse of age at trans- age at transplant at Diameter of vaginal maxillary adrenal! Mammary 
number transplant plantation autopsy autopsy of uterus epithelium gland tumors glands 
P1874 1 39 131 medium small { cornified d'-type 0 _ 
P2003 1 39 234 large f mucified | “ 0 
P2126 2. 32 254 . — 344 . precancer- - 
ous lesion 
P2230 2 32 279 i small 2 + 
P2231 2 32 281 absent “ 2 inter- 2 + 
| mediate 
P2218 1 21 340 large medium /f mucified | o-type 0 +, 
| ) ( 


uterine glands were enlarged. In P1874 the cells lining 
the lumen were columnar of moderate height, with 
oval nuclei situated near the center of the cell. The 
cells were closely packed. The epithelial cells were 
low, columnar in P2003 and: P2230. P2218, which 
carried the transplant for 319 days, had a uterus large 
in diameter and had well developed uterine glands. 
The cells lining the lumen were columnar, of moder- 
ate height, closely packed and had nuclei (in relation 
to the lumen) centrally placed. 

The vaginal epithelium was observed in all the 
mice. In P1874 it was 4 to 6 cell layers thick and in 
addition there was a cornified layer. In P2003 the 
epithelium was two cell layers thick with some mucus. 
It was 3 to 4 cell layers thick in P2126 and 2 cell layers 
thick in P2230, P2231, and P2218. In P2230 the cells 
of the superficial layer were tall columnar. In P2218 
the vaginal epithelium was heavily mucified. 

The submaxillary glands were of male type in all 
mice except P2231. In P2231 they were in general of 
temale type although in regions similar to that in a 
young male. It was classed as intermediate in type. 

The mammary glands of the mice in this series were 
not well developed. Within individual mice they 


5 


2 


after transplantation while in P2126 it was palpable 
at a similar age. 

Mice with positive tumor transplants had very little 
adrenal cortical cell hypertrophy (type B cells). Ex- 
tensive areas of type A cells were present. 

Intact female mice—The tumor was transplanted 
into 3 intact female mice. Data, including the age at 
transplantation and age at autopsy, are summarized 
in Table II. The transplanted tumor at autopsy was 
of medium or large size in all mice and was uniformly 
of type I tumor tissue. None of these mice had spon- 
taneous adrenal cortical tumors. 

In P1989 the uterus ‘was normal in diameter and the 
uterine glands were normally enlarged. The epithelial 
cells lining the lumen were columnar and of moderate 
height. The nuclei were in a central position in the 
cells. The vaginal epithelium was 2 cell layers thick. 
The cells of the superficial layer were tall columnar. 
The submaxillary gland was male type. The mam- 
mary glands were similar to those of virgin females 
of similar age. The tumor had been transplanted into 
the abdomen of this mouse and at autopsy part of the 
tumor was growing within a lobe of the liver. 

P2582 was injected subcutaneously with the tumor. 
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At autopsy the uterus was large in diameter and nor- 
ma! in structure. The epithelial cells lining the lumen 
of the uterus were columnar, of moderate height and 
the cell outlines indistinct. The vagina had an epi- 
thelial layer 10 to 12 cell layers thick and in addition 
a stratum corneum. There were a few leukocytes in 
the lumen. The submaxillary gland was typical female 
type. The mammary glands were similar to those of 
Pi989. The ovaries, which were similar to those of 
P1989, had few follicles and many lipochrome cells, 
that is, giving the appearance of an inactive gland. 

P2596 was injected subcutaneously with tissue ob- 
tained via 9 P1989 and castrate ¢ P2395. The uterus 
was of medium diameter with shrunken stromal cells. 
The epithelial cells surrounding the lumen were cuboi- 
dal. The vagina was not examined. The submaxillary 
gland was female type. 

Intact male mice-—The adrenal cortical carcinoma 


The data concerning these mice are summarized in 
Table IV. In 5 mice the tumor was the second, and 
in 3 mice was the third generation transplant. Trans- 
plantation was done when the host mice were between 
35 and 126 days of age. The host age at autopsy 
varied from 181 to 491 days. In all except the mouse 
autopsied at 181 days the transplants were large. In 
this one mouse the transplanted tumor was of medium 
size. In all mice the tumor tissue was type I. 

The submaxillary gland was male type in all mice. 
The terminal tubules occupied a more extensive part 
of the gland in a number of animals than in normal 
intact male mice. 

The seminal vesicles and prostates were enlarged as 
if stimulated in a manner similar to a normal male 
although in general they were not as large and turgid 
as in normal ce strain males. Fig. 4 shows P2314 as 
a gross specimen. 


TasBLeE II: ApRENAL Tumor P1699 In INTAcT FEMALE MICE 
Generation Days of Days of Size of Thickness Sub- Primary 
Mouse of age at trans- age at transplant at Diameter of vaginal maxillary adrenal Mammary 
number transplant plantation autopsy autopsy uterus epithelium gland tumors glands 
P1989 1 21 182 medium large 2 o'-type 0 + 
P2582 3 22 185 large . j cornified \ Q -type 0 a 
10-12 
P2596 3 36 378 . medium — Q -type 0 — 
P1699 was injected subcutaneously in 12 intact male Taste III: Aprenat Tumor P1699 in Intact Mare Mice * 
mice between the ages of 27 and 71 days. In all mice Genera- _ Days of Size of 
the transplanted tumor was of large size at autopsy. _—_— — trae —- gues 
The hosts were then from 117 to 458 days of age number plant plantation = autopsy omegey 
(Table III). The tumor tissue was uniformly type I. P2539 4 27 117 large 
Gross and histological observations showed the mice P2559 4 27 140 

. P2567 + 27 153 . 
to be not greatly changed over non-tumor intact male eais 3 47 191 7 
mice. The submaxillary glands were male type. The P2409 5 30 11 ‘ 
mammary glands were rudimentary. Evidence of sper- P2508 3 68 719 “ 
matogenesis was observed in the testes. The adrenal P2587 : 27 236 . 
glands were without cortical tumors. The seminal P2507 3 38 360 ; 
vesicles and prostates were large. However, in some a ; > ; 
mice with large tumors the seminal vesicles were not P9493 3 71 408 . 
as large and turgid as in intact mice of similar ages P2541 3 54 458 


without tumors. 
Castrated male mice.—Adrenal cortical tumor P1699 
was transplanted subcutaneously in 8 castrated males. 











*In all animals seminal vesicles and ventral prostates, large; 
submaxillary glands, male type; primary adrenal tumors, absent; 
and mammary glands, rudimentary. 








DESCRIPTION OF FIGURES 1 TO 6 


Fic. 1.—Type I adrenal cortical tumor tissue in P1699. Mag. 
< 500. 

Fic. 2.—Type II adrenal cortical tumor tissue in P1699. Mag. 
< 500. 

Fic. 3.—Accessory reproductive organs, seminal vesicles and 
ventral prostates of a mature strain ce intact male 8 months of 
age at autopsy. Slightly magnified. 

Fic. 4.—Accessory reproductive organs, seminal vesicles and 
ventral prostates of a gonadectomized male P2314 bearing trans- 


planted adrenal tumor P1699; stimulated to almost normal size. 
Same magnification as Fig. 3. 

Fic. 5.—Accessory reproductive organs of a strain ce male 
before spontaneous adrenal tumor developed. Castrate condition. 
Same magnification as Figs. 3 and 4. 

Fic. 6.—Section through accessory reproductive organs of 
castrate male P2492 bearing tumor P1699 for 171 days. Trans- 
plant adrenal tumor, large at autopsy. Mag. X 4.9. 
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The mammary glands were either absent or rudi- 
mentary in all mice. This is interesting in view of the 
fact that they were well developed in many mice with 
spontaneous adrenal cortical tumors (4, 5). 

There were no spontaneous adrenal cortical tumors 
except in P2503. In the latter mouse the right adrenal 
P2503 
also varied from the other mice in this series in that 
transplantation was performed at a much older age, 
1.e., at 126 days rather than at about 40 days. This 
mouse was also 125 days older at autopsy than any 
other mouse in this series. 


had a cortical carcinoma 3 mm. in diameter. 


Hybrid mice—A transplant of the adrenal tumor 
grew successfully in a 9 F, generation dba 9 xce J 


TABLE IV: ADRENAL Tumor P1699 In CasTRATED MALE MICcE * 


Genera- Days of Size of 
tion of age at Days of trans- 
Mouse trans- trans- age at plant at 
number plant plantation autopsy autopsy 
P2174 2 44 181 medium 
P2492 3 42 213 large 
P2255 2 40) 215 7 
P2538 3 35 252 we 
P2312 2 40) 296 ia 
P2314 2 40 296 a 
P2395 2 +4 366 ss 
P2503 3 126 49] “ 


* In all animals seminal vesicles and prostates, enlarged; sub- 
maxillary gland, male type; primary adrenal tumors, absent with 
the exception of P2503; and mammary glands, rudimentary. 


mouse. A transplant also grew successfully in a gonad- 
ectomized female F, generation C57 black Qxce ¢ 
mouse. 


DISCUSSION 


An important fact revealed in the present study 1s 
that an adrenal tumor of the type occurring in ce 
strain mice following gonadectomy can be trans- 
planted successfully generation after generation for at 
least 4 generations. Transplantation was possible not 
only in ce strain mice but in F, generation mice where 
a ce strain mouse was one of the parents. 

By using the transplantation technic it may be pos- 
sible to secure much information about ce strain 
adrenal cortical tumors. Some information has already 
been obtained using tumor P1699. The fact that the 
seminal vesicles and prostates were enlarged in gonad- 
ectomized male mice bearing tumors transplanted and 
also that the submaxillary glands in these mice and in 
5 of 6 gonadectomized female mice were of male type 
indicates that the tumor was associated with internal 
secretions which were androgenic in effect. The fact 
that the mammary glands did not develop unusually 


a 


in these mice indicated that very little estrogenic hor- 
mone was present. It is interesting that the mammary 
glands failed to develop because, although they were 
not greatly developed in P1699, they were extensively 
developed in some of the mice with primary adrenal 
cortical tumors (4). The vaginal epithelium was 
thickened and cornified in one ovariectomized mouse 
with the tumor transplanted. 

The situation with the 3 intact female mice is in- 
teresting in that in 1 mouse the submaxillary gland 
was male type, and was female type in 2 mice. It is 
hoped that more experimental work will make the 
reason for this clear. It may be that the tumor changes 
under different influences. One possible factor was 
that it was observed that P1699 in common with many 
transplantable tumors grew more rapidly as transplant 
generations increased. The mouse with male type sub- 
maxillary gland was in the first transplant generation 
while the 2 with female type submaxillary glands were 
of the third transplant generation. Another difference 
was that the former was grown in the abdomen while 
the latter 2 were grown subcutaneously. 

By transplantation, tumor tissue may be increased 
so that sufficient tissue might be obtained for detailed 
chemical analysis. It would also be possible to increase 
the number of animals with transplant tumors so that 
an analysis of body fluids of the mouse might be 
possible. 

In earlier reports it has been shown that either the 
testes or the ovary prevents the occurrence of spon- 
taneous adrenal cortical tumors in ce strain mice. Evi- 
dence is here presented that the adrenal tumor trans- 
plant tends to prevent the occurrence of these tumors. 
One primary tumor of the adrenal cortex appeared 
out of 4 ovariectomized mice of suitable age, with 
transplants, and 2 occurred in 1 mouse of a similar 
age in which the transplant was not successful. One 
primary tumor occurred in 7 castrated males inter- 
preted to be of tumor age. Transplantation was done 
at a late age, 126 days, in the mouse with a primary 
tumor. 


SUMMARY 


An adrenal cortical tumor, P1699, arising in a 
gonadectomized female ce strain mouse has been 
grown successfully in the following classes of ce mice: 
(a) gonadectomized females, (b) gonadectomized 
males, (c) intact females and (d) intact males. It was 
also grown in two F, generation mice where a ce 
mouse was one of the parents. Evidence was secured 
that the transplant tumors were associated with an 
androgenic influence in most instances although under 
some circumstances there was evidence for an estro- 
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genic influence. Transplants of adrenal tumor P1699 
exerted a restraining effect on the occurrence of pri- 
mary adrenal cortical tumors. 
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Some human neoplasms are unknown in animals 
and there are animal tumors that have not been de- 
scribed in man. Included among the former are new- 
growths of the myeloma type. Engelbreth-Holm (2) 
states that plasma cell leukemia and the related mul- 
tiple myelomatosis has not yet been observed in lower 
animals. A survey of the veterinary literature discloses 
no references to intramedullary plasma cell myelomas 
in any domestic animal. A tumor of this type was 
recently encountered in a routine necropsy of a dog 
and this report, therefore, represents the first example 
of a spontaneous plasma cell myeloma in a lower 
animal. 


MATERIAL AND METHODS 


The dog was brought to the animal hospital for 
euthanasia, which was accomplished with a lethal dose 
of pentabarbitol given intravenously. Immediate ne- 
cropsy was performed and the tissues were fixed in 
Bouin’s solution and 10 per cent solution of neutral 
formaldehyde. Paraffin sections were stained with 
hematoxylin and eosin, Mallory’s phosphotungstic acid 
hematoxylin, Unna’s polychrome methylene blue, 
methyl green pyronin, Hitchcock and Ehrings mix- 
ture, Dominici’s and Masson’s stains. Frozen sections 


of formaldehyde-preserved tissue were stained with 
Sudan IV and Nile blue sulphate. 


CLINICAL DATA 


The animal was a 12 year old, male English setter 
that had shown pain and lameness of increasing 
severity of the left front leg for a period of 18 months. 
Palpation revealed a painful enlargement of the upper 
third of the left humerus. The affected limb was held 


in the characteristic position of radial paralysis with 


inability to extend the lower portion of the leg. Physi- 
cal examination was otherwise negative and the owner 
stated that the dog appeared normal with the excep- 
tion of the lameness. 


RADIOGRAPHIC OBSERVATIONS ! 


Films were made in the antero-posterior and lateral 
positions after removal of the left humerus from the 
dog’s body and fixation in 10 per cent formalin. As 
shown in Fig. 1 the bone had been transected just 
below the head and the two parts separated about 
1 cm. The bone structure of the upper two-thirds of 
the shaft and the upper extremity was definitely ab- 
normal. The cortex particularly of the shaft was con- 
siderably thinner than usual. The medullary and sub- 
cortical trabecular markings were definitely coarsened 
and particularly in the mid-third of the shaft of the 
bone there were inter-trabecular depressions on the 
inner aspect of the cortex which extended deep into 
the cortex appearing, in some instances, almost 
through the cortex. In the upper third of the shaft the 
breadth of the bone was increased, particularly on the 
medial aspect of the cortex, and the compact bone of 
the cortex had entirely disappeared in this region. No 
complete perforation of the cortex was demonstrated 
in these films. 

In the head and tuberosities the coarsened trabecular 
structures and thinning of the cortex was as in the 
upper portion of the shaft of the humerus. There 
was some periosteal proliferation on the anterior aspect 
of the upper third of the shaft of the bone. 


These x-ray findings indicated the presence of an 





1 By A. L. L. Bell, M.D., Dept. of Radiology, Long Island 
College of Medicine. 








DESCRIPTION OF FIGURES 1 TO 4 


Fic. 1.—Radiographic appearance of plasma cell myeloma 
involving the upper two-thirds of left humerus. 

Fic. 2.—Longitudinal section of left humerus illustrating 
the gross appearance of the neoplasm. 

Fic. 3.—Photomicrograph depicting the general tumor struc- 


ture. A thickened fibrous trabecula is present in the upper 
portion and the deep-staining granular material is hemosiderin. 
Dominici’s strain. Mag. 200. 

Fic. 4.—Photomicrograph showing the fibrous stroma. Mas- 
son’s stain. Mag. 200. 
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expanding tumor originating in the medullary cavity. 
A di:gnosis of malignant growth could not be made 
on the basis of the x-ray findings alone. 


MACROSCOPIC OBSERVATIONS 


The entire upper third of the humerus was ex- 
panded in thickness and measured 5 cm. in diameter 
at its widest point (Fig. 2). The periosteum was ir- 
reguiarly thickened and the adjacent muscles were 
edematous with occasional small hemorrhagic areas. 
The cortex was thinned and the affected bone cut easily 
despite the presence of numerous small bony trabe- 
culac. On section, the upper two-thirds of the marrow 
cavity was replaced with a soft, reddish-grey tissue 
interspersed with hemorrhagic areas of a deeper red 
color. Small foci of necrosis and fibrous trabeculae 
were present. The medullary cavity of the lower third 
of the bone contained a pale grey, fatty marrow. 


MICROSCOPIC OBSERVATIONS 


Humerus—The general cellular structure of the 
neoplastic cells was similar to that of the plasma cells 
described in human myelomas (Figs. 5 to 10). The 
tumor cells were round, oval or polyhedral and the 
spherical or oval nucleus was centrally or eccentrically 
located. The nuclear structure consisted of coarse 
chromatin blocks that were usually marginated on a 
distinct nuclear membrane and nucleoli were absent. 
Occasional nuclei were larger and hyperchromatic. 
Some cells contained two or more nuclei and mitotic 
hgures were not uncommon. The cellular dimensions 
averaged 9.36 » and the nuclei averaged 5.39 uw. 

The cytoplasm was amphophilic with hematoxylin 
and eosin, pale brownish-red with Mallory’s phospho- 
tungstic acid hematoxylin, pale blue with Dominici, 
reddish-purple with Masson’s stain, pale greenish-blue 
with Unna’s polychrome methylene blue, pale red with 
methyl green pyronin and pale blue with Hitchcock 
and Ehring’s stain. 

In the majority of cells, the cytoplasm was homo- 
geneous, agranular and sometimes contained a para- 
nuclear clear zone. Cytoplasmic vacuoles occurred in 
occasional cells and fat stains indicated the absence 
of lipids in the vacuoles (Figs. 9, 10). Scattered 


among the tumor cells were larger cells that averaged 





12.16 » and whose cytoplasm contained fine or coarse, 
acidophilic granular structures (Figs. 5, 7, 8). Their 
nuclei, however, were identical morphologically with 
those of the myeloma cells. The granular material 
differed from the granules of eosinophils and existed 
as irregular clumps and granules. The cytoplasm was 
frequently vacuolated and the oxyphilic material oc- 
curred between the vacuoles and occasionally within 
the vacuoles. Quantitative variations indicated few 
granules in some cells and many in others. The gran- 
ular material stained blue with Mallory’s phospho- 
tungstic acid hematoxylin and red with eosin, Domi- 
nici and Masson’s stain. This granular material did 
not show special characteristics with Hitchcock and 
Ehring’s stain, polychrome methylene blue and methyl 
green pyronin. 

The tumor structure consisted of large compact 
masses of cells in loose and solid arrangements, smaller 
collections and as separated solitary cells (Figs. 3, 4). 
In certain regions there was considerable fibrosis with 
hyalinized strands of fibrous connective tissue sepa- 
rating groups of cells so that a somewhat alveolar 
appearance was produced. Silver stains showed no 
intercellular reticulum but fine argyrophilic fibers en- 
circled small and large cellular masses. Bony trabe- 
culae in various stages of atrophy and resorption oc- 
curred in some regions and foreign body giant cells 
and fibrosis were not uncommon in their vicinity. 
The persisting Haversian canals often contained tumor 
cells. Hemorrhages were extensive in many areas and 
foci of necrosis were not infrequent. The vascular 
supply was not conspicuous and golden yellow pig- 
ment (hemosiderin) occurred in many localities. The 
periosteum was thickened and edematous and the 
neighboring muscles showed edema and _ atrophic 
changes. Tumor cells only occasionally invaded the 
periosteum and muscles. In the tumor tissue, marrow 
fat persisted in some areas while other regions were 
completely replaced with neoplastic cells. No marrow 
cells were seen except rare polymorphonuclear leu- 
kocytes, normoblasts and lymphocytes. 

Sections of the marrow from the radiographically 
normal distal portion of the humerus indicated that 
the cellular components consisted principally of tumor 
cells. In addition, the sinusoids were often congested 
and hemorrhagic. 





DESCRIPTION OF FIGURES 5 té 10 


Fic. 5.—A less compactly grouped collection of tumor cells 
indicating the resemblance to plasma cells. Several cells have 
a distinct paranuclear clear zone. The arrows point to larger 
cells with eosinophilic granular material in the cytoplasm. 
Dominici’s stain. Mag. X 850. 

Fic. 6.—Another area showing the 
Dominici’s stain. Mag. 850. 


cellular structure. 


Fics. 7, 8.—The arrows indicate larger tumor cells with 
eosinophilic cytoplasmic granulations. Dominici’s stain. Mag. 
< 850. 

Fics. 9, 10.—Neoplastic cells with cytoplasmic vacuoles (ar- 
rows). Dominici’s stain. Mag. 850. 
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Kidneys.—The epithelium of the proximal portion 
of the proximal convoluted tubules showed various de- 
grees of degeneration progressing from cloudy swell- 
ing to necrosis. Many tubular lumina contained a 
granular, eosinophilic material. The epithelium of the 
broad ascending limbs and the distal convoluted 
tubules manifested these regressive changes to a lesser 
degree. A conspicuous finding was the presence of 
giant-sized, hyperchromatic, solitary nuclei with large 
nucleoli that indicated regenerative activity. These 
nuclei were often embedded in a deeply eosinophilic 
cytoplasmic syncytium and showed loss of cellular 
polarity. A moderate number of collecting tubules 
contained eosinophilic, hyaline casts in their lumina 
but no foreign body giant cells encircled them. The 
glomeruli and arteries were normal and inflammatory 
cells were absent in the interstitial tissue. 

Other organs—With the exception of nodular 
fibrous intimal aortic plaques, moderate fatty meta- 
morphosis and focal congestion in the liver, pulmo- 
nary anthracosis and physiologic splenomegaly, the 
remaining organs were normal. Metastatic myeloma 
lesions were absent in all organs examined. 


DISCUSSION 


The absence of reports on plasma cell myelomas in 
animals suggests that these neoplasms are either ex- 
tremely rare or that they are not recognized. Inas- 
much as the described case is the first in a series of 
over 300 neoplasms observed in a group of 12,000 
dogs, the former conclusion seems more plausible. 

The microscopic appearance of the dog tumor re- 
sembled in all respects the usual myelomas in man. 
The material at hand offered no solution to the con- 
troversy concerning the histogenesis of the myeloma 
cells. A prominent feature of the canine myeloma was 
the relatively large number of cells with vacuoles and 
eosinophilic granular material in the cytoplasm. Simi- 
lar degenerative forms occur in human myelomas and 
Michels (4) mentions the presence of vacuoles and 
granules in inflammatory plasma cells. Miller (5) ob- 
served comparable cytoplasmic changes in plasma cells 
experimentally produced in rabbit omentum by intra- 
peritoneal injections of tuberculoprotein. 

The x-ray films resembled those described by Paul 
and Pohle (6) for human solitary myelomas of bone. 
The lesions in the dog are similar to solitary myeloma 
lesions characterized by an osteolytic, multicystic area 
of rarefaction centrally located and expansive with ir- 
regular trabeculae. In the differential roentgen diag- 
nosis, single myelomas can easily be confused with 
giant cell tumor, localized fibrocystic disease of the 
bone, osteogenic sarcoma, Ewing’s tumor and some of 
the rarer bone tumors. | 

The question whether the canine tumor was solitary 


or multiple cannot be answered with any degree of 
certainty. Unfortunately, the character of the bone 
lesion was not suspected until the microscopic slides 
were studied so that roentgen and histologic examina- 
tions of the other bones were not made. That the 
process was disseminated might be suggested by the 
microscopic finding of myeloma cells in the radio- 
graphically normal distal third of the humerus. The 
roentgenographic appearance of the upper humerus, 
however, resembled that of human solitary myelomas, 

The renal changes consisting of degenerative and 
reparative epithelial alterations with occasional casts 
in the collecting tubules are not the typical findings 
observed in human myelomas associated with Bence- 
Jones proteinuria. In the latter, Bell (1), Forbus and 
his group (3) and others consider that the tubular 
casts mechanically obstruct the tubules causing tubular 
dilatation and atrophy. The kidney damage is there- 
fore indirect and is not the result of any specific toxic 
effect on the tubular epithelium. In the dog case, as 
no urine tests for Bence-Jones protein were performed, 
the renal findings preclude any opinions relative to the 
character of the microscopic kidney changes. 

The age and sex incidence of the myeloma in the 
dog coincided with that observed most commonly in 
man. In the latter, the disease occurs in later life and 
males are more frequently affected. 


SUMMARY 


A review of the literature indicates that myelomas 
of the plasma cell type are unknown in animals. This 
report is the first record of such a neoplasm that in- 
volved the left humerus of a 12 year old, male dog. 
The lesion was intramedullary and consisted of cells 
of the plasma cell type. The histologic structure of the 
canine myeloma was similar to that seen in human 
myelomas. The radiographic appearance resembled 
that of solitary myelomas in man. 
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Observations on the Carcinogenicity of 1,2,3,4- 
Dibenzophenanthrene and Its 9-Methyl and 10- 
Methy! Derivatives. Harris, P. N., and Brapsuer, C. K. 
[Duke Univ., Durham, N. C.] Cancer Research, 6:671-673. 
1946. 

Five mgm. doses of 1,2,3,4-dibenzophenanthrene sus- 
pended in tricapryllin or in the ethyl ester of sesame oil 
were injected subcutaneously into 26 New Buffalo mice. 
Fifteen developed sarcoma at the site of inoculation after 
latent periods of 10 to 26 weeks, and 4 others developed 
epidermoid carcinoma or both epidermoid carcinoma and 
sarcoma after a lapse of 25 to 42 weeks. The carcinomas 
appeared only in mice that had developed ulcers at the 
site of inoculation. Subcutaneous administration of the 
9methyl and 10-methyl derivatives of 1,2,3,4-dibenzophen- 
anthrene did not result in development of tumors.— 
Authors’ abstract. 


Carcinogenic Substances in Human _ Tissues. 
Hiecer, I. [Royal Cancer Hosp., London, England] Cancer 
Research, 6:657-667. 1946. 


Attention is drawn to the main difficulties in investiga- 
tions of this type. Apparently human tissue carcinogens 
are of low potency as measured in mice since the latent 
periods for tumor production are so prolonged. These 
substances are sporadic in their occurrence as pointed out 
by Steiner, and there is always uncertainty with regard to 
“susceptibility” of the experimental mice. A technic of 
fractionation of unsaponifiable material from human tis- 
sues is described, and an active fraction producing sar- 
comas in mice has been obtained from mixed lung-kidney- 
muscle tissue of cancerous and non-cancerous human sub- 
jects, and also from the liver of a cancerous patient. In all 
cases the carcinogenic substance is found in the cholesterol- 
rich fraction of the unsaponifiable material. This fraction 
is a crystalline mixture of compounds containing on the 
average about 85% cholesterol.—E. W. S. 


Tumors of the Salivary and Parathyroid Glands 
in Rats Fed with 2-Acetylaminofluorene. Heman, 
J. and Meiser, D. [Coll. of Physicians and Surgeons, Columbia 
Univ., New York, N. Y.] Cancer Research, 6:617-619. 1946. 

Thirty-six female and 23 male Wistar rats 25 to 3 
months old were fed an oily mixture of 2-acetylamino- 
fluorene by syringe and curved needle introduced into the 
pharynx. The total amount fed ranged between 250 mgm. 
and 617.5 mgm. during 111 to 227 days. Twenty-two of 
the treated rats developed nodular swellings of the neck, 
distributed to 1 or both submaxillary regions, and extend- 
ing to the subcutaneous areas of the chest and axillae. 








Autopsy revealed enlarged submaxillary nodes and many 
small discrete or large confluent cysts. Twelve animals 
developed adenocarcinoma and adenoma of the sub- 
maxillary gland, sarcoma of the subcutaneous tissue of 
the neck, mammary adenocarcinoma, and adenoma of the 
liver and parathyroid. The localization of cysts and tumors 
in the neck may be attributed to trauma of the pharynx 
and esophagus produced by the needle. The 2-acetylamino- 
fluorene may therefore exert a local action if applied 
frequently to the same site-——Authors’ abstract. 


Localization of Stratum of Maximum Mitotic 
Frequency in Epidermal Methylcholanthrene Car- 
cinogenesis in Mice. Cownpry, E. V., Van Dyke, J. H., 
and GEREN, B. B. [Washington Univ., and Barnard Free Skin 
and Cancer Hosp., St. Louis, Mo.] Cancer Research, 6:620-624. 
1946. 


Of 5 male New Buffalo mice, 6 weeks old, the backs 
of which had been treated 3 times with 0.6% methyl- 
cholanthrene in benzene, 4 showed a greater mitotic fre- 
quency in the basal epidermal layer than in any of the 
rows of spinous cells, while 1 showed a greater frequency 
in the basal layer than in the first row of spinous cells and 
less than in the second row 10 days after the initial treat- 
ment. Five similar mice showed maximum mitotic fre- 
quency in the basal layer 20 days after the first application 
of carcinogen. Though considerable variability was ob- 
served in individual ratios of mitoses to nondividing 
nuclei, the conclusion is advanced that under the condi- 
tions of the experiment maximum mitotic frequency is 
predominately in the single layer of basal cells in touch 
with the basement membranes.—Authors’ abstract. 


The Inhibition of the Carcinogenicity of p- 
Dimethylaminoazobenzene by Certain Detergents 
and the Effect of Diet on the Levels of Azo Dyes 
in Rat Tissues. Miter, J. A., Kure, B. E., and Ruscn, 
H. P. [Univ. of Wisconsin Med. Sch., Madison, Wis.] Cancer 
Research, 6:674-678. 1946. 

Seven groups of 15 rats each were fed 0.06% of p- 
dimethylaminoazobenzene for 4 months in synthetic diets 
containing: 5% of corn oil; or 5% of corn oil plus 0.25% 
of either of 2 commercial synthetic detergents, Tergitol 
Penetrants 4 or 7; or 5% of mineral oil. The dye-free 
diets were then fed for 2 more months. In the three 
control groups fed the diet containing 5% of corn oil the 
final incidences of liver tumors were 93, 63, and 80%. No 
tumors occurred when the diets contained either detergent 
or when the corn oil was replaced by mineral oil. These 
substances represent new types of dietary inhibitors for 
p-dimethylaminoazobenzene in the rat. 


Microfilm copies of such papers here abstracted as are available may be obtained from Medicofilm Service of the Army Medical 
Library at 25¢ for each complete article, not exceeding 25 pages in length—and 10¢ for each additional 10 pages or fraction thereof. 
Prepayment is not requested. Remittance may be made with subsequent orders and in such manner as found most convenient. 
Address—Medicofilm Service, Army Medical Library, Washington, D. C. 
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Analyses were made for the 3 basic azo dyes in the 
liver and for p-aminoazobenzene in the blood of rats fed 
p-dimethylaminoazobenzene in various diets known to 
affect the activity of this dye. Neither protective nor 
stimulatory diets produced any large changes in the con- 
centrations of the dyes in these tissues. These data provide 
no conclusive support for the possibility that the detergents, 
mineral oil, and other inhibitors interfere with the ab- 
sorption or transport of the dye——Authors’ summary. 


The Metabolism of 3,4-Benzpyrene into 8- and 
10-Benzpyrenols in the Animal Body. Berensivum, I., 
and ScuorntTaL, R. [Univ. of Oxford, Oxford, England ]|— 
With an Appendix on Absorption Spectra. Ho ipay, 
E. R., and Jopr, E. M. |London Hosp., London, England | 
Cancer Research, 6:699-706. 1946. 

After intraperitoneal injection of 3,4-benzpyrene into 
rabbits, the feces were found to contain 8- and 10-benz- 
pyrenols and 5,8- and 5,10-benzpyrenequinones. 

A reinvestigation of the metabolism of benzpyrene in 
rats revealed the presence of the same products in their 
feces, though the relative amounts of 10-benzpyrenol and 
5,10-benzpyrenequinone in relation to the. 8- and 5,8- 
isomers, were less in the rat than in the rabbit extracts. 

Evidence was obtained of the presence in rabbit and 
rat feces of other fluorescent products, probably derived 
from benzpyrene. Their nature has not yet been de- 
termined.—Authors’ summary. 


Effect of Progesterone on the Development of 
Mammary Cancer in C3H Mice. Burrows, H., and 
Hocu-Licetr, C. [Royal Cancer Hosp., London, England | 
Cancer Research, 6:608-609. 1946. 

Thirty mice of a high mammary cancer strain (C3H) 
received subcutaneous injections of 1 mgm. of progesterone 
weekly. No differences could be established in the fre- 
quency, and the time of the appearance of tumors in these 
mice and in the 20 control animals receiving injections of 
the solvent only. During the first 3 to 4 weeks of the 
experiment 2 of the treated and 1 control animal died 
without tumors.—Authors’ summary. 


The Influence of Sex Hormones upon:the Hepatic 
Lesions Produced by 2-Acetaminofluorene. Can- 
TAROW, A., Pascukis, K. E., STASNEY, J., and ROTHENBERG, M. S. 
[Jefferson Med. Coll., Philadelphia, Pa.] Cancer Research, 6: 
610-616. 1946. 

Excessive quantities of endogenous or exogenous estrogen 
and androgen accelerated and intensified the development 
of cystic and neoplastic hepatic lesions induced in Sherman 
rats by 2-acetaminofluorene. This phenomenon may be 
related to the role of the liver in the intermediary metab- 
olism and excretion of the sex steroids. Thiouracil ap- 
peared to exert a strikingly protective action upon the 
liver as regards the development of both cystic and neo- 
plastic lesions. No tumors occurred in the hyperplastic 
“target organs” of the sex hormones, in sharp contrast to 
the high incidence of tumors of the thyroid in rats receiv- 
ing thiouracil simultaneously with the carcinogen. The 
fact that the hyperplasia induced by the sex hormones is a 
functioning hyperplasia whereas that induced in _ the 
thyroid by thiouracil is functionless, may possibly be a 
determining factor in the relationship between simple and 
neoplastic growth of tissue-——Authors’ abstract. 
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Neoplasms of the Adrenal Cortex in Noncastrate 
Mice. Kirscuspaum, A., Frantz, M., and Wiurans. W. L. 
[Univ. of Minnesota Med. Sch., Minneapolis, Minn.| Cancey 
Research, 6:707-711. 1946. 

In the NH stock of mice gonadectomy is not necessary 
to induce the development of cortical neoplasms of the 
adrenal gland. Adenomas of the adrenal cortex appeared 
spontaneously in 13 of 14 intact female mice over | year 
of age. In 1 instance the secretion of relatively large 
amounts of estrogenic hormone by such an adenoma wags 
demonstrated. Cortical adenomas are probably relatively 
infrequent in male mice of this stock. Two histologically 
malignant tumors found in males are described. The 
testes of both mice were spermatogenically active—Ay. 
thors’ abstract. 


Induction of Neoplasia in Vitro with a Virus. 
Experiments with Rabbit Skin Grown in Tissue 
Culture and Treated with Shope Papilloma Virus. 
Coman, D. R. [Univ. of Pennsylvania Sch. of Med., Phila- 
delphia, Pa.| Cancer Research, 6:602-607. 1946. 

Experiments were designed to determine whether neo. 
plasia can be induced in tissue cultures of rabbit skin by 
papilloma virus. | 

The criteria adopted for induction of neoplasia were: 
(a) Increased growth activity of epithelial cells in the 
cultures after introducing papilloma virus. (b) Formation 
of relatively large tumors in the liver of the rabbit follow- 
ing implantation of such tissue cultures. Both criteria were 
met by the experiments and it is therefore concluded that 
papilloma virus is capable of inducing neoplasia in vitro, 
namely in tissue cultures of rabbit skin——Author’s abstract. 


Stimulation and Retardation of Neoplastic 
Growth by Sulfhydryl Compounds. Brunscuwic, A,, 
ARNOLD, J., and Epccoms, J. [Univ. of Chicago, Chicago, Ill.] 
Cancer Research, 6:560-562. 1946. 

The injection of certain —SH compounds (thioglycol- 
late and thiomalate), which afford available —SH radi- 
cals, showed mild stimulation of growth of the trans- 
plantable rat tumor 256. The explanations of failure of 
other —SH compounds (methionine, cysteine, thiolactate) 
to cause such stimulation are discussed. The injection of 
—SH inhibitors, iodoacetate and maleate, was followed by 
retardation of growth of rat tumor 256 but did not inhibit 
the establishment of the transplants——Authors’ summary. 


Intracellular Distribution of Enzymes. II. The 
Distribution of Succinic Dehydrogenase, Cyto- 
chrome Oxidase, Adenosinetriphosphatase, and 
Phosphorus Compounds in Normal Rat Liver and 
in Rat Hepatomas. Scuneiwer, W. C. [Med. Sch., Univ. 
of Wisconsin, Madison, Wis.] Cancer Research, 6:685-690. 1946. 

Normal rat liver and rat hepatomas were separated by 
centrifugation into a nuclear fraction, a large granule 
fraction, and crude residue. Succinic dehydrogenase, 
cytochrome oxidase, adenosinetriphosphatase, pentose and 
desoxypentose nucleic acids, acid soluble and lipid phos- 
phorus, “protein” phosphorus and nitrogen, and dry ma- 
terial were determined in the original tissue homogenate 
and on each of the tissue fractions. The activities of 
succinic dehydrogenase and cytochrome oxidase were much 
lower in the hepatoma than in the normal liver. However 
the major part of the enzyme activities associated with the 
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original ‘issues was found to be associated with the large 
granule ‘ractions of these tissues, and the enzyme activities 
per unit of dry material or of “protein” nitrogen were 
smilar in the large granule fraction of the 2 tissues. Thus 
the decrcased enzyme activity observed in the hepatoma 
seemed io be due at least in part to a decrease in the 
amount of large granule material. The activity of adeno- 
sinetriphosphatase was essentially the same in the hepatoma 
as in the normal liver although the distribution of the 
enzyme was profoundly different in the two tissues. In 
the latter about 50% of the activity was associated with 
the large granules and 30% with the unfractionated resi- 
due while in the case of the hepatoma 75% of the enzyme 
activity was associated with the unfractionated residue and 
only 12% with the large granules. The enzyme activity 
per unit of dry weight or of “protein” nitrogen was 
similar for both tissues in the large granule fraction. The 
desoxypentose nucleic acid content of the hepatoma was 
found to be more than twice as great as the content of 
normal liver. All of the desoxypentose nucleic acid present 
in the whole homogenates was recovered in the nuclear 
fractions. The increased content of this nucleic acid in 
the hepatoma was considered to be due to an increase in 
the number of cells in this tissue. The pentose nucleic acid 
content of the 2 tissues was found to be essentially the 
same and the major part of this nucleic acid was found 
in the unfractionated residue. The nucleic acid content per 
mgm. of dry material was higher in the large granule 
fraction and in the unfractionated residue of the hepatoma 
than in normal liver. The major portions of the other 
components measured were found in the unfractionated 
residue. The lipid phosphorus was more concentrated in 
the large granule fractions of the 2 tissues and more con- 
centrated in the cytoplasm fractions of the hepatoma than 
in the corresponding fractions of normal liver—Author’s 
abstract. 


Demonstration of an Enzyme-Inhibiting Factor 
in the Serum of Cancer Patients. (A Preliminary 
Study). Hursuretp, S., Dusorr, G., and West, P. M. 
[Cedars of Lebanon Hosp., Los Angeles, Calif.] Cancer Re- 
search, 6:57-60. 1946. 


Utilizing the aerobic oxidation of tyrosine in the presence 
of tyrosinase and light, which develops a color complex 
from the colorless monohydrated phenolic tyrosine to the 
pink dioxyquinone, a method is described for the estima- 
tion of the rate of activity of the tyrosinase by a quanti- 
tative estimation of the color complex produced in the 
reaction by the use of a photoelectric colorimeter. This 
work is presented as a new approach to the field of cancer 
enzymology.—Authors’ summary. 


Phosphorus Compounds in Animal Tissues. IV. 
The Distribution of Nucleic Acids and Other Phos- 
phorus-Containing Compounds in Normal and 
Malignant Tissues. Scuneiper, W. C., and Ktiuc, H. L. 
[Med. Sch., Univ. of Wisconsin, Madison, Wis.|] Cancer Re- 
search, 6:691-694. 1946. 

The desoxypentose nucleic acid, pentose nucleic acid, 
acid soluble phosphorus, lipid phosphorus, nucleic acid 
phosphorus, and “protein” phosphorus contents of several 
normal rat tissues and of several rat and mouse tumors 


were determined. It was found that the desoxypentose 
nucleic acid and the pentose nucleic acid contents were 
relatively constant in the different neoplasms, while the 
nucleic acid contents of the normal cells varied con- 
siderably in the different tissues. The acid soluble, lipid, 
and “protein” phosphorus contents of the neoplastic tissues 
fell within the range covered by the normal tissues. A 
study of the individual compounds which comprise these 
fractions will be necessary to decide whether any marked 
differences exist between these fractions in. the normal 
tissues and in the neoplastic tissues—Authors’ abstract. 


The Effect of Certain Diets on Hepatic Tumor 
Formation Due to m’-Methyl-p-Dimethylaminoazo- 
benzene and o’-Methyl-p-Dimethylaminoazobenzene. 
GirsE, J. E., Crayron, C. C., MiLver, E. C., and BAUMANN, 
C. A. [Univ. of Wisconsin, Madison, Wis.] Cancer Research, 
6:679-684. 1946. 

m’-Methyl-p-dimethylaminoazobenzene was fed to rats 
in 4 different rations known to affect the formation of 
tumors due to p-dimethylaminoazobenzene. The m’ 
methyl dye was fed at several concentrations and for dif- 
ferent periods of time. 

In general diet was relatively ineffective in altering the 
rate of tumor development due to m’-methyl-p-dimethy]- 
aminoazobenzene. Hydrogenated coconut oil did not exert 
a consistent protective effect, while rice bran extract 
stimulated tumor formation only slightly. 

Riboflavin usually retarded the formation of tumors due 
to the m’-methyl dye, but the effect of the vitamin was 
less than that previously observed when p-dimethylamino- 
azobenzene was the carcinogen. 

Rice bran concentrate stimulated tumor formation due 
to o-methyl-p-dimethylaminoazobenzene whereas either 
hydrogenated coconut oil or riboflavin retarded it. The 
effects of diet against this carcinogen were intermediate 
between those observed against p-dimethylaminoazoben- 
zene and m’-methyl-p-dimethylaminoazobenzene. 

The variable effects of diet against the different azo 
dyes suggest that riboflavin may retard tumor formation 
by interfering with the essential carcinogenic reaction, but 
that the other diets studied more probably exert their 
effects upon the carcinogen.—Authors’ abstract. 


Multiple Peritoneal Sarcoma in Rats from In- 
traperitoneal Injection of Washed, Ground Taenia 
Larvae. Dunninc, W. F., and Curtis, M. R. [Detroit Inst. 
of Cancer Research, Wayne Univ. Coll. of Med., Detroit, Mich. ] 
Cancer Research, 6:668-670. 1946. 

Living parasites were removed from uninvolved cysts 
of rats with and without gross Cysticercus tumors, washed 
in large volumes of sterile saline, cut in fragments, ground 
in a motar and suspended in saline. The saline suspension 
was. injected into the peritoneal cavity of uninfested rats 
which were related to the original hosts of the parasites, 
and also inoculated in a similar manner into unrelated 
rats. Multiple peritoneal sarcomas and mesotheliomas were 
observed within 23 to 787 days following injection. The 
related rats responded more quickly and more frequently 
than the unrelated rats. 

The agent appears to be more effective in parasites ob- 
tained from uninvolved cysts of hosts bearing induced 
Cysticercus sarcoma. Among 56 related rats injected with 
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the larvae suspension obtained from rats bearing Cysti- 
cercus sarcoma 51 or 91% died with multiple peritoneal 
sarcomas in an average of 89 days. When the larvae sus- 
pension was obtained from rats with no gross tumor only 
22 or 63% of the 35 related rats developed peritoneal sar- 
comas and the average latent period was 286 days. There 
is some evidence that the active agent may be associated 
with the calcium carbonate corpuscles normally present 
in the coelomic cavity of the parasites—Authors’ abstract. 


Further Studies of Specific Precipitin Anti- 
serums for the Protein of Cancer Tissue. III. Re- 
lation of the Proteins of Different Malignant Tis- 
sues to Each Other. Mann, L. S., and WELKER, W. H. 
[Univ. of Illinois Coll. of Med., Chicago, Ill.] Cancer Research, 
6:625-626. 1946. 


Antisera for carcinoma of the stomach, breast, kidney, 
rectum, and metastatic carcinoma of the liver were pre- 
cipitin-tested against autolysates of carcinomas of the 
breast, sarcoma of the breast, carcinomas of the cervix, 
colon, and kidney, hypernephromas, metastatic carcinomas 
of the liver, and carcinomas of the ovary, stomach, anc 
urinary bladder as well as of the rectum. Some antisera 
showed interreaction with nonhomologous autolysates 
whereas antiserum for carcinoma of 1 breast specimen was 
relatively specific, as it reacted only with its own autolysate 
and autolysates of one carcinoma of ovary. Some of the 
antisera reacted only with their homologous autolysates. 
The protein prepared by malignant cells may be dependent 
on its environment and forces to which it is subjected. The 
malignant cells may have lost the ability of manufacturing 
a specific protein, characteristic of itself. There are prob- 
ably a wide variety of proteins manufactured by malignant 
cells—Authors’ abstract. 


Attempted Transmission of Acute Leukemia from 
Man to Man by the Sternal Marrow Route. Tuierscu, 
J. B. [Inst. of Med. and Veterinary Science, Adelaide, Australia | 
Cancer Research 6:695-698. 1946. 


Attempts were made to transmit acute leukemia from 
man to man. Bone marrow from four cases of leukemia 
was implanted in the sternal marrow of 12 patients, previ- 
ously treated for carcinoma of the tongue. No leukemic 
reactions developed in the recipients after the implanta- 
tions during a period of observation of 101 days to more 
than two years.——Author’s abstract. 


On the Transplantability of Lymphoid Tumors, 
Embryonal Nephromas and Carcinomas of Chick- 
ens. Duran-Reynats, F. [Yale Univ. Sch. of Med., New 
Haven, Conn.] Cancer Research, 6:545-552. 1946. 

The transplantation of 12 lymphoid tumors under the 
same conditions that have proved successful for some 
chicken sarcomas failed entirely. Likewise 2 epithelial 
growths could not be transplanted. Ten embryonal 
nephromas are described; 1 of them was carried through a 
single chicken passage where it grew in a manner of a 
sarcoma in one bird. Another, probably a fibroma, was 
transplanted. The sarcomatous growths accompanying a 
third case were transplanted indefinitely as sarcomas, and 
a causative virus was demonstrated even in the original 
growths. Since unmistakable metastases of the embryonal 
nephroma occurred in at least 3 cases and in one of them 
there were also present sarcomatous growths we must con- 
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sider the possibility that the transplantable infectious sar 
comas may have been metastases of the embryonal 
nephroma. The factors that seem to govern the trans. 
plantability of all spontaneous chicken tumors are dis. 
cussed.—Author’s abstract. 


A Transplantable 9,10-Dimethyl-1,2-Benzanthra. 
cene Sarcoma in the Syrian Hamster. Crass, E, p. 
[Univ. of Colorado, Boulder, Colo.] Cancer Research, 6:627. 
636. 1946. 


The 311 male and female hamsters used in this work 
showed 100% takes when 6 lines of tumors, all derived 
from 1 benzanthracene-induced, mixed-cell sarcoma, were 
reciprocally transplanted into this species, but transplants 
to 35 mice did not take. Transplants of growing and 
necrotic tumors and injections of liquid necrotic ma- 
terial usually resulted in growths in 6 to 10 days after 
inoculation, but this latent period was commonly in- 
creased about 10 days and the percentage of takes reduced 
about 50% by injecting blood from incised solid tumors. 
After adding fragments of the tumor to the blood, by 
scraping the sides of the incision, both latent period and 
takes were about normal. Prolonging the lives of the hosts 
by removing the tumors 1 or 2 times increased the in- 
cidence of single and of multiple metastases. Tumors in- 
duced by benzanthracene, those that had been transpianted 
several generations and those resulting from grafts of 
metastatic deep axillary lymph nodes, lungs and kidneys, 
were equally potent in producing metastases. In two 
hamsters, intrajejunal injections of the sarcoma resulted in 
metastasis to a mesenteric lymph node in one, and cancer 
cell invasion of these nodes in both animals. There was 
no definite histologic difference in any of the mature 
tumors or advanced metastases, but transient differences 
were noted in some of the newly formed metastases.— 
Author’s abstract. 


Transplantation of an Adrenal Cortical Car- 
cinoma. Woo trey, G. W., and Lirrie, C. C. [Roscoe B. 
Jackson Memorial Lab., Bar Harbor, Maine] Cancer Research, 
6:712-717. 1946. 

An adrenal cortical tumor, P1699, arising in a gonadec- 
tomized female ce strain mouse has been grown success- 
fully in the following classes of ce mice: (a) gonadec- 
tomized females, (b) gonadectomized males, (c) intact 
females and (d) intact males. It was also grown in two 
F, generation mice where a ce mouse was one of the 
parents. Evidence was secured that the transplant tumors 
were associated with an androgenic influence in most 
instances although under some circumstances there was 
evidence for an estrogenic influence. Transplants of adrenal 
tumor P1699 exerted a restraining effect on the occurrence 
of primary adrenal cortical tumors.—Authors’ abstract. 


A Comparative Morphological Study of the 
Mammary Glands with Reference to the Known 
Factors Influencing the Development of Mammary 
Carcinoma in Mice. Husrsy, R. A., and Birrner, J. J. 
[Univ. of Minnesota, Minneapolis, Minn.] Cancer Research, 9: 
240-255. 1946. 

A histological study was made to correlate the archi- 
tecture of the mouse mammary gland and the 3 “primary” 
factors required for spontaneous mammary carcinogenesis: 
an inherited susceptibility, quantitatively and/or qualita- 
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tively .dequate hormonal stimulation, and the milk in- 
fluenc:. For this investigation several low tumor lines of 
mice, cach lacking a single though different, “primary” 
factor, were selected and compared with suitable mice 
that possessed all 3 of these factors and thus had a high 
incidence of mammary cancer. In this way the effects of 
a lack of each factor could be determined individually, 
and the following points were established: 

1. The presence of the milk influence per se does not 
alter the extent to which lateral buds occur along the 
larger ducts of the mammary gland. 

2. in the present material, as well as in that previously 
reported by other authors, lateral budding is more ex- 
tensive in virgin mice of strains that possess the inherited 
hormonal influence than in those that lack this factor. 

3. Precancerous nodules of alveolar hyperplasia occur 
frequently only in mice of high tumor groups and are 
very uncommon in those of low tumor lines, irrespective 
of which one of the “primary” factors is lacking. From 
this it is concluded that the same 3 factors that are etio- 
logically important for the development of mammary 
cancer are necessary for the development of precancerous 
alveolar hyperplasias. 

4. Areas composed of an overgrowth of fine ducts were 
encountered in the mammae of mice belonging to high 
tumor lines. These, in all probability, are also precancerous 
in nature, but because they occur with relative infrequency 
they cannot represent a very common source of malignant 
transformation. 

5. Inflammatory nodules, consisting of some alveolar 
hyperplasia usually exhibiting squamous metaplasia of 
the glandular epithelium and a surrounding inflammatory 
reaction, did not appear to be precancerous in nature. 
These occur with equal frequency in low and high tumor 
strains, and no transitions between them and frank car- 
cinoma could be demonstrated. Etiologic factors important 
for the development of this type of lesion could not be 
determined completely, but pregnancy and/or lactation 
were found to favor their development——Authors’ sum- 
mary. 


The Pathology of Malignant Histiocytoma (Re- 
ticuloendothelioma) of the Liver in Mice. Gorer, 
P. A. [Guy’s Hosp. Med. Sch., London, England] Cancer Re- 
search, 6:470-482. 1946. 


Histiocytomas of the liver have been principally studied 


in the C57 black strain of mice. They occur spontaneously 


in mice upwards of 18 months old, but may occur con- 
siderably earlier in those treated with carcinogenic hydro- 
carbons. The growths are apparently of multicentric 
origin, arising in the sinusoids. Extramedullary myelo- 
poiesis, which may accompany them, is generally perivas- 
cular in origin. A description of nonmalignant histiocytes 
is given. Forms intermediate between histiocytes and 
monocytes may be found, while the nuclear structure may 
often resemble that of a lymphocyte. Impression smears 
of the liver show that the dominant cell is a functionally 
mature histiocyte, and the heart’s blood generally contains 
large numbers of malignant cells. The blood in peripheral 
circulation shows a variable picture; a few malignant celis 
probably occur in all late cases, but a true leukemic blood 
picture is exceptional. MHistiocytomas may have the 


morphology of a spindle cell sarcoma, particularly in the 
metastases or on transplantation. 

Two cases (H.R.1 and H.R.2) have been transplanted. 
In the earlier transfers both showed a definite tropism for 
the liver. Both have shown variations in tissue specificities. 
Once the tropism for the liver was lost they produced a 
malignant plastic peritonitis with metastases. The peri- 
toneal deposits were spindle-celled. Giant cells occurred 
occasionally in H.R.1, but more abundantly in H.R.2. 
H.R.1 now has the characteristics of an acute leukemia. 
The dominant cell is small and primitive, resembling a 
lymphoblast. It has retained some power of differentiation. 
During its period of most rapid growth the cells of H.R.2 
showed certain primitive features, particularly in nuclear 
structure. On 1 occasion during this period the blood of 
the peripheral circulation showed the picture of a mono- 
cytic leukemia. 

The question of the terminology of neoplasms of reticulo- 
endothelial origin is discussed. It is concluded that the 
histiocyte is derived from the primitive reticular cell of 
Maximov through an intermediary histioblast—E. W. S. 


Tubular Adenomas and Testis-Like Tubules of 
the Ovaries of Aged Rats. Encre, E. T. [Coll. of 
Physicians and Surgeons, Columbia Univ., New York, N. Y.] 
Cancer Research, 6:578-582. 1946. 

Three cases of tubular adenomas of the ovaries of aged 
Wistar rats are described. The characteristic nucleus of the 
Sertoli cell of the testis is present in these tubular adenomas. 
In the ovaries of other Wistar rats, in which the cortical 
ova and follicles have disappeared, are many isolated 
tubules having the same structural characteristics as the 
adenomas. The embryological significance of these find- 
ings is discussed.—Author’s abstract. 


Intramedullary Plasma Cell Myeloma Occurring 
Spontaneously in a Dog. Broom, F. [Long Island Coll. 
of Med., Brooklyn, N. Y.] Cancer Research, 6:718-722. 1946. 

Intramedullary plasma cell myelomas are neoplasms that 
have not been reported in the literature in animals. A 
tumor fulfilling the morphologic criteria of human plasma 
cell myeloma was observed in a 12 year old, male English 
setter. The growth involved the upper two-thirds of the 
left humerus and was radiographically characterized by a 
centrally located expansive, multicystic area of rarefaction 
with irregular trabeculae and thinning of the cortex. 
Grossly, the proximal two-thirds of the medullary cavity 
was replaced with a soft, reddish-grey tissue in which small 
bony trabeculae were present. Microscopically, the tumor 
cells resembled the plasma cells of human myelomas. In 
addition, a moderate number of neoplastic cells contained 
vacuoles or eosinophilic granular material in their cyto- 
plasm. The tumor structure consisted of large collections 
of plasma cells with considerable fibrosis in regions. Bony 
trabeculae were common and necrosis and hemorrhage 
occurred not infrequently. The radiographically normal 
distal third of the humerus evidenced microscopic replace- 
ment of the cellular elements by myeloma cells. Histologic 
examination of the parenchymal organs disclosed no meta- 
static myeloma lesions. There was no renal lesion of the 
sort commonly associated with myelomas in man.—Au- 
thor’s abstract. 
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The Effect of Nitrogen Mustards on the Viscosity 
of Thymonucleate. Gyerssinc, E. C., and CHANuTIN, A. 
[Univ. of Virginia, Charlottesville, Va.] Cancer Research, 6: 
593-598. 1946. 

Data are presented to show that the viscosity of thymus 
nucleate solutions is decreased by nitrogen mustards, par- 
ticularly when the ionic strength of the solution is low. 
It has been shown that the ethylene-imine ring trans- 
formation product of these mustards appears to be re- 
sponsible for the depolymerizing effect. Thiosulfate 1s 


Ls 


capable of completely inhibiting the effects of the ethylene. 
imine ring.—Authors’ abstract. 


The Effect of Nitrogen Mustards upon the Ultra- 
violet Absorption Spectrum of Thymonucleate, 
Uracil and Purines. Cnanutin, A., and Gyessinc, E. C. 
[Univ. of Virginia, Charlottesville, Va.] Cancer Research, 6: 
599-601. 1946. 

Spectrophotometric evidence is presented to show that 
the nitrogen mustard, tris (8 chloroethyl) amine, reacts 
with sodium thymonucleate, adenine, guanine, xanthine. 
and uracil.—Authors’ abstract. 


Clinical and Pathological Reports 


Clinical investigations are sometimes included under Reports of Research 


THERAPY—GENERAL 





Terminal Care in Cancer. Asrams, R., Jameson, G., 
POEHLMAN, M., and Snyper, S. [Massachusetts Gen. Hosp., 
New England Deaconess Hosp., Boston Dispensary, and Beth 
Israel Hosp., Boston, Mass.] New England J]. Med., 232:719- 
724. 1945. 

A study by social workers of 200 patients attend- 
ing Boston clinics, with recommendations as to proper 
management.—C. W. 


FEMALE GENITAL TRACT 


Bilateral Brenner Tumors of the Ovaries: Re- 
port of a Case. Jonnson, J. R., and Docxerty, M. B. Proc. 
Staff Meet., Mayo Clin., 20:120-123. 1945. | 

The authors present a case in which it is pointed out 
that Brenner tumor may be mistaken for a primary or 
metastatic epithelioma. The predominant fibrous nature of 
the growth, the complete absence of mitosis, and the 
peculiar combination of islands of squamous cells showing 
central transitions to columnar elements are the salient 
points in the diagnosis.—J. L. M. 


Case Reports of Barnes Hospital. Clinical and 
Postmortem Records Used in Weekly Clinicopatho- 
logic Conferences at Barnes Hospital, St. Louis. 
Woop, W. B., Jr., and Moore, R. A., Epirors. J]. Missouri 
M. A., 42:697-708. 1945. 

Two cases of cancer are presented. The first was a case 
of pseudomucinous cystadenocarcinoma involving the left 
periovarian tissue, peritoneum, liver, lungs, spleen, kidneys, 
heart, vertebrae, left ureter, left common iliac and peri- 
pancreatic lymph nodes. Renal cell carcinoma of the right 
kidney, with carcinoma in and occluding the right renal 
vein and inferior vena cava and within the right atrium 
of the heart, was found in the second case. There was also 
invasion of the wall of a hepatic vein by carcinoma and 
metastasis to the upper lobe of the left lung.—M. E. H. 


Giant Cystic Arrhenoblastoma of the Ovary Con- 
taining Entodermal Epithelium and a Carcinoid. 
Hartz, P. H. [Pub. Health Service, Curacao, Netherlands West 
Indies] Am. J]. Path., 21:1167-1191. 1945. 

A case report.—J. G. K. 


Bilateral Ovarian Carcinoma in a Thirty Week 
Fetus. Ziecter, E. E. [St. Luke’s Hosp., Bethlehem, Pa.] 
Arch. Path., 40:279-282. 1945. 


A unique case of carcinoma occurring in fetal life is 


reported.—J. G. K. 


The Treatment of Myomas in Pregnancy Which 
Are Undergoing Degeneration. Jonnston, H. W. 
{ Toronto, Canada] Canad. M. A. ]., 53:366-367. 1945. 


Ten cases of myoma undergoing severe degeneration in 
pregnancy are presented. Treatment should be conserva- 
tive. Five patients had natural spontaneous deliveries; 5 


patients were treated by cesarean section with myomec- 
tomy.—M. E. H. 


Mace GENITAL [TRACT 


Choriocarcinoma of the Testicle. Girt, A. J., Carp- 
WELL, G. T., and Gorortn, J. L. [Southwest. Med. Coll., and 
St. Paul’s Hosp., Dallas, Tex.] Am. J]. M. Sc., 210:745-751. 
1945. 

The authors conclude, after a histologic study of 3 recent 
cases and consideration of the literature, that chorio- 
carcinoma of the testicle arises from primitive cells with 
essentially the same capacity as the developing ovum, and 
that the malignant trophoblastic elements of this tumor 
are derived from ectoderm in the same way as the com- 
parable tissue in ordinary pregnancy. They consider that 
the cells from which the tumor arises are multipotential 
sex cells, probably spermatogonia, and that tumor cells of 
this type alone are responsible for the production of 
gonadotrophic hormones.—J. G. K. 


Advanced Cancer of the Prostate. Partow, A. L. 
[ Univ. of Rochester Sch. of Med., Rochester, N. Y.] N. Y. State 
]. M., 45:383-387. 1945. 

During the period between January 1941, and November 
1943, 75 cases of advanced cancer of the prostate were 
treated with orchiectomy. Eighteen of these cases received 
prostatic resection in addition to castration. The diagnosis, 
in 66 cases, was proved by microscopic examination. In 
the remainder of the series the diagnosis was made by 
rectal examination and by x-ray studies. All of these 
patients complained of symptoms referable to the act of 
urination, varying from frequency to complete retention. 
Forty-two patients complained of low-back pain and loss 
of weight. Hematuria was a symptom in only 7 patients. 
In 23 cases there was no clinical or x-ray evidence of any 
metastasis. Radical perineal prostatectomy was considered 
inadvisable, inasmuch as the disease was not confined 
within the capsule of the prostate, in all of the cases. 
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Eighteen patients were found to have a normal serum 
phosphatase estimation prior to orchiectomy. In the re- 
mainder of the series there was an elevation of the serum 
phosphatase, and one was recorded at 155 units, using the 
Kinc-Armstrong technic. 

Following orchiectomy 18 patients were considered as 
complete clinical failures. In no instance was there any 
relicf of pain and the progressive advancement of the 
disease was in no way altered. Stilbestrol was administered 
to these patients and found to be effective. In this group 
microscopic examination of tissue from the prostate re- 
vealed carcinoma of the undifferentiated type. Fifty-seven 
patients showed immediate clinical results characterized by 
loss of all metastatic pain and general subjective improve- 
ment; 43 of this group must be considered as delayed 
failures, inasmuch as all again developed symptoms of 
advanced carcinoma of the prostate after intervals of from 
8 to 30 months. Examination revealed only partial regres- 
sion of the disease in 21 of these cases. The microscopic 
examination of tissue from the prostates in this group 
revealed no definite histologic arrangement of the car- 
cinoma. Areas of both the adenocarcinoma and undiffer- 
entiated type of carcinoma were the characteristic findings. 

Of interest is the fact that following orchiectomy 36 pa- 
tients had complete clinical disappearance of the carcinoma. 
However, of this number only 14 were symptom-free and 
showed no evidence of any return of the disease after an 
interval of 12 to 29 months. It is noteworthy that complete 
regression of the cancer occurred only in those cases in 
which microscopic examination of tissue from the prostate 
revealed a typical adenocarcinoma. Serum phosphatase 
estimations were obtained for all patients following orchi- 
ectomy. These recordings were found to parallel the 
clinical features of each individual. In many patients a 
return of the carcinoma was signalled by a rise in the 
serum alkaline phosphatase before digital examination 
revealed any evidence of recurrent prostatic changes. Stil- 
bestrol administered to this group of patients was found to 
be of value in the control of their symptoms but not of the 
disease.—]. L. M. 


Teratoma of the Testis. Report of Sixty-Five 
Cases. Barner, J. L. Am. ]. Roentgenol., 54:257-261. 1945. 


Sixty-five cases of teratoma of the testis have been ob- 
served and treated within the past 33 months at an 
Army general hospital. The average age at the time of 
discovery of the lesion was 28 years. The most important 
diagnostic sign is painless swelling of the testicle. Three- 
fourths of the patients received medical attention within 
the first year after symptoms were noted. Treatment 
consisted of orchidectomy, removal of the cord high at 
the internal abdominal ring, and postoperative irradia- 
tion. Seven of the 65 patients have died, the same number 
have had continuing symptoms. The remainder are be- 


lieved to be well and to have returned to a wage-earning, 
civilian life.—E. H. Q. 


Interstitial Cell Tumors of the Testicle. Ransrrom, 
S. [Upsala Univ., Upsala, Sweden] Acta path. et microbtol. 
Scandinav., 22:80-88. 1945. 


A report of a case with photograph and photomicro- 


6 


graphs, and a review of 14 cases from the literature. In 
the present patient, as in most of the other instances of 
the disease reported in adults, there were no signs of endo- 
crine dysfunction—M. H. P. 


Cancer of the Prostate (A Clinical Study). Gon- 
ZALEZ, E. R. [Concepcion, Chile] Urol. & Cutan. Rev., 49: 
473-489. 1945. 

A review of the subject together with the author’s clini- 
cal experiences.—V. F. M. 


URINARY SYSTEM 


Squamous Cell Carcinoma of the Renal Pelvis. 
KickHAM, C. J. E., and Stanton, R. H. [St. Elizabeth’s 
Hosp., Boston, Mass.] Am. ]. Surg., 69:249-252. 1945. 

Report of a case of squamous cell carcinoma of the 
renal pelvis occurring in a 58 year old woman. This lesion 
was associated with a large calculus of the left kidney 
and a palpable left upper quadrant mass, but presented 
no urinary tract symptoms.—W. A. B. 


Unusual Metastasis from a Primary Hyper- 
nephroma. Scurac, A. R., and Jorpan, F. B. [Provincial 
Mental Inst., Edmonton, Canada] Canad. M. A. ]., 53:168-169. 
1945. 

The case is reported because two different types of 
tumor were present at the same time—a hypernephroma of 
the kidney and an ulcerating adenocarcinoma of the 
stomach, and because there was metastasis of the hyper- 
nephroma to the tongue.—M. E. H. 


Renal Tumors Simulating Gastrointestinal Dis- 
ease. Lusasu, S. [Beth Israel Hosp., New York, N. Y.] 
N. Y. State J. M., 45:45-51. 1945. 

A study was made of all personal and service cases that 
had been seen at the Beth Israel Hospital for the past 5 
vears, either on the urological or other services. From 
these groups, 33 patients were found, upon pathologic 
study, to have renal tumors. The oldest patient was 75; 
the youngest was 38; the average age was 54. There were 
22 men and 11 women. Gastrointestinal symptoms were 
presented in 23 cases (69%) of the entire series. This also 
includes symptoms referable to the gall bladder. 

Concerning the tumors, hypernephromas were the most 
common (22 cases, or about 65%). Next in frequency 
were tumors of the renal pelvis (6 cases, or 17%). Of 
these growths 4 were malignant (carcinoma) and 2 non- 
malignant (benign papilloma or fibroepitheliomas). There 
were 3 cases of carcinomas of the kidney (or 8.5%), one 
of lipoma of the kidney, and one of unrecognized pa- 
thology. Five cases (or about 15%) were masked by 
symptoms other than urologic and mimicked such diseases 
as carcinoma of the ovary, carcinoma of the transverse 
colon, possible gall bladder or liver malignancy, acute 
suppurative cholecystitis, that exploratory surgery was indi- 
cated. In none of these 5 patients was there at any time 
an indication of urological disease. Urines in all were 
practically negative; an occasional white blood cell was 
noted in 3. All 3 cases of carcinoma were included in this 
group. The other 2 were hypernephromas. Histories on 
15 cases are reported.—J. L. M. 
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Wilms’ Tumors. Dean, A. L. [Memorial Hosp., New 
York, N. Y.] N. Y. State J. M., 45:1213-1217. 1945. 

The author presents a general discussion of Wilms’ 
tumors including incidence, morphology, symptoms, diag- 
nosis, differential diagnosis, and treatment.—J. L. M. 


Papillomas of the Verumontanum. Hownkxe, E. M. 
]. lowa M. Soc., 35:427-428. 1945. 


Case report. Papillomas located in the posterior urethra 
are usually preceded by inflammation. Although these 
growths may be benign at first they often become malig- 
nant later, as do papillomas of the bladder. Examination 
of the posterior urethra is of importance since symptoms 
frequently occur sufficiently early to allow removal of the 
growth before malignant change takes place.—M. E. H. 


Some Surgical Aspects of Urinary Bilharziasis. 
Warp, R. O. Proc. Roy. Soc. Med., 39:27-38. 1945. 

A well illustrated account of this disease, containing a 
section on neoplasms of the bladder in Egypt is presented. 
In 2 years at the Kasr-el-Aini Hospital, Cairo, of 130 cases 
of carcinoma of the bladder 114 were of the papilliferous 
type, and the great majority of these were judged to be 
the result of bilharzial disease. Twenty-two occurred in 
patients under the age of 30. Ten of the cancers were of 
the nodular infiltrating type——E. L. K. 


Endometrioma of the Urinary Bladder: Report 
of Five Cases. Barrour, D. C., Jr. Proc. Staff Meet., 
Mayo Clin., 20:129-133. 1945. 

Forty-six cases of this unusual form of endometriosis 
have previously been reviewed in the literature since it 
was first described as an entity in 1921. In 42 of the 46 
cases there had been previous pelvic surgery or associated 
pelvic disease. 

In the past year 5 cases of endometrioma of the bladder 
were seen at the Mayo Clinic, and these are reported. All 
5 had undergone pelvic operation previously or had asso- 
ciated pelvic disease, and all patients showed some urinary 
symptoms. Cystoscopic examination aided in the diagnosis 
of two of these cases; in a third the diagnosis was confused 
with inflammation and carcinoma.—J. L. M. 


OrAL CAvity AND Upper REspirRAToRY [TRACT 


Malignant Tumors of the Nasal Cavity: Report 
Based on Sixteen Cases in which a Fronto-Ethmoid 
Approach was Employed. Havens, F. Z., and THorne.t, 
W.C. Proc. Staff Meet., Mayo Clin., 20:125-128. 1945. 

The authors believe that the operation described is 
valuable in cases of malignant tumor of the nasal cavity 
in which there is no roentgenographic evidence of involve- 
ment of bone. This method of treatment of malignant 
tumors of the nasal cavity was used in 16 patients during 
the period from January 1934 to July 1944. Fourteen 
(88%) of these patients remained free from any evidence 
of recurrence to the time this paper was written. Two 
representative case reports are presented in detail.—J. L. M. 


Transitional Epithelial Cell Carcinoma of the 
Nasopharynx. WHuitTELEATHER, J. E. [Baptist Memorial 
Hosp., Memphis, Tenn.] Am. ]. Roentgenol., 54:357-369. 1945. 

After a historical and clinical-pathological presentation 
of the subject, the author reports 16 cases followed for 
periods of 1 to 24 months. All the patients had roentgen 
therapy, usually 2,100 to 3,200 r to the primary lesion 


— 


(tumor dose) and additional treatment to any involved 
nodes. Three patients are living with disease and 3 appar- 
ently free from disease, but the follow-up period is too 
short for any conclusions.—E. H. Q. 


Cancer of the Mouth: Its Present Day Treat- 
ment. Mayne, W. [Cook Co. Hosp., and Univ. of Illinois 
Dent. Sch., Chicago, IIl.] Am. J. M. Sc., 210:548-554. 1945, 

A review.—J.G. K. 


PAROTID 


Congenital Hemangioma of the Parotid Gland. 
GLaseR, K., MEHN, W. H., and Scnuttz, L. W. [Children’s 
Memorial Hosp. and Otho S. A. Sprague Memorial Inst., 
Chicago, Ill.] J. Pediat., 28:729-732. 1946. 

This case is reported because the authors feel that certain 
important conclusions can be drawn from their observa- 
tions. The contrast between the benign appearance of the 
tumor both macroscopically and microscopically were in 
sharp contrast to the highly malignant clinical course. The 
treatment recommended is the total extirpation of the 
growth, sacrificing the facial nerve and parts of the parotid 
gland if necessary. Surgery should be followed by radia- 
tion therapy. Prognosis is favorable where surgery has 
been early and radical.—M. E. H. 


INTRATHORACIC TUMORS 


Presternal Cyst. Report of a Case. Srysotp, W. D., 
and Cxiacett, O. T. [Mayo Foundation and Mayo Clin., 
Rochester, Minn.] J. Thoracic Surg., 14:217-220. 1945. 

The cyst resembled a bronchogenic one, which is well 
recognized as occurring in the mediastinum, but this was 
situated in the subcutaneous tissues at the sternal angle. 
It was thin-walled, lined by ciliated pseudocolumnar epi- 
thelium, and mucous glands, cartilage, vessels, and nerves 
were recognized in the wall. The mass had been present 
in this 55 year old woman as long as she could recall. 
In recent years a sinus discharging small amounts of thin 
milky fluid had appeared over it. The cyst and sinus were 
removed without untoward event.—E. E. S. 


GASTROINTESTINAL IRACT 


Gastric Adenomas: A Pathologic Study. Renters, 
J. H., and Bropers, A. C. [Mayo Foundation, Rochester, Minn. | 
West. ]. Surg., 54:65-69. 1946. 

This is the final division of a series of papers by the 
authors appearing currently in the West. ]. Surgery con- 
cerning a pathological study of gastric adenomas. The 
collected divisions will eventually be published as a mono- 
graph. This present manuscript deals with certain general 
comparisons of the various series studied. Certain observa- 
tions made and certain conclusions reached deserving 
special attention are emphasized. Size, as measured by 
diameter, the volume of the tumor, and the thickness of 
the involved mucosa seemed to bear a relation to the 
malignant changes present. If a gastric adenoma has a 
diameter greater than 2.3 cm., or if the tumor mucosa 
external to the muscularis mucosa is thicker than 0.44 cm., 
or if the calculated volume of the tumor is greater than 
4.15 cc., the tumor is very probably malignant. However, 
some of the adenomas smaller than this harbored adeno- 
carcinomas of grades 1, 2 or 3. The management of a 
patient presenting a gastric tumor depends on: the age 
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and general condition of the patient, presence of metastasis, 
the size, location and number of the adenomas, the presence 
of «ymptoms, complications and technical difficulties— 


M. E. H. 


Carcinoma of the Stomach with Multiple Annu- 
lar Metastatic Intestinal Infiltrations. He tter, 
FE. |... [Pittsburgh, Pa.] Arch. Path., 40:392-394. 1945. 

Keport of a case.—J. G. K. 


LIVER 


Primary Carcinoma of the Liver. Frassy, W. R. 
[Toronto West. Hosp., Toronto, Canada] Canad. M. A. ]., 
53:486-488. 1945. 

A case report with autopsy findings. The tumor was of 
the mixed cell type, both liver parenchyma cells and bile 
duct cells being present. The polythrombocythemia present 
led to the correct ante mortem diagnosis of primary car- 
cinoma of the liver—M. E. H. 


Multiple Bile Duct Adenoma. Breyer, L. F. [Chi- 
cago Pathological Society, Regular Meeting, April 8, 1946] 
Proc. Inst. Med. Chicago, 16:205. 1946. 

Case report. The patient gave a clinical history suggestive 
of gastric ulcer. The x-ray findings corroborated this. Ex- 
ploratory laparotomy revealed millet-like nodules in both 
lobes of the liver which proved to be bile duct adenomas 
on biopsy.—M. E. H. 

Primary Carcinoma of the Liver. 
[Provident Hosp., Chicago, Ill.] Arch. 
1945. 

Discussion of 12 cases.—J. G. K. 


Wess, A. C. 
Path., 40:382-386. 


Primary Carcinoma of the Liver in Infants and 
Children. Rosenstatr, M. G., and May, J. A. [Portland, 
Ore.] Northwest Med., 45:96-97. 1946. 

Two cases are reported, occurring in males aged 4 
months and 24 years respectively. The usual symptoms 
are enlargement of the liver, abdominal distress, anemia, 
and cachexia. Jaundice, which was present in both of 
these children, has been inconstant in appearance or a 
terminal manifestation in other reported cases. Despite 
its rarity, primary liver cell carcinoma is the most common 
hepatic tumor of infancy and to a lesser degree of child- 
hood.—H. S. K. 

SPLEEN 


Primary Splenic Neoplasm. Bostick, W. L. [Univ. 
of California Med. Sch., San Francisco, Calif.] Am. J. Path., 
21:1143-1165. 1945. 

A review and a classification of splenic neoplasms are 
presented, together with reports of 7 instances of primary 
reticulolymphosarcoma, reticulum-cell sarcoma, primary 
endothelioma (2 cases), hemangioma, lymphangioma, and 
epidermoid cyst, respectively.—J. G. K. 

Adrenal Neuroblastoma. Ocirvis, T. A. Brit. J. Surg., 
32:78-83. 1944. 

An account of a case with a review of the literature. — 
E. L. K. 

BoNE AND Bone MArRrow 


Interscapulothoracic Disarticulation of the Arm. 
BERMAN, J. K. [Indiana Univ. Sch. of Med., Indianapolis, Ind. ] 
Surgery, 18:256-266. 1945. 


This paper describes an operative technic indicated in 


the treatment of: (1) carcinoma or sarcoma of the hand, 
forearm or arm, with metastases to the axilla and in- 
volvement of the shoulder joint or shoulder muscles; 
(2) axillary tumors adherent to vessels and nerves; and 
(3) extensive irreparable trauma to the extremity. The 
5 patients in this series upon whom this procedure was 
carried out survived from 7 months to | year and 7 months; 
of these, 3 who had sarcoma died of metastases, but 
the remaining 2 were alive and apparently well at 18 
and 19 months after operation.—W. A. B. 


Consideration of Some of the Difficulties in Diag- 
nosis and Treatment of Osteogenic Sarcoma and 
Chondrosarcoma. Epriroriar. Penn. Med. ]., 48:817-819. 
1945. 


Diagnosis of the pathologic type of malignant bone 
tumor cannot be made with certainty from the roentgen 
examination alone. Benign conditions may simulate ma- 
lignant bone tumors. In order to make as many correct 
diagnoses as possible, one should do a complete skeletal 
survey in every patient where a bone lesion is suspected 
of being malignant, and the material submitted to the 
pathologist as a biopsy should be representative of the 
tumor. Adequate time should be allowed to make and 
study parafhin sections if there is any doubt about the 
nature of the lesions.—J. L. M. 


Eosinophilic Granuloma of Bone. Micuaet, P., and 
Norcross, N. C. [U.S.N.R.] U. S. Nav. M. Bull., 45:661-668. 
1945. 

The paper gives a brief review of this benign, destruc- 
tive lesion, first described as a clinical entity in 1940, 
together with reports of 2 cases that occurred in naval 
personnel. It includes roentgenograms and photomicro- 
graphs. Treatment is excision and x-ray therapy.—C. W. 


Plasmacytoma with Amyloidosis. Report of a 
Case with Postmortem Findings. Biumserc, N., and 
FisHpack, M. W. [Philadelphia, Pa.] M. Rec., 158:281-284. 
1945. 


Pain in the back, developing after a short period of 
malaise, became excrutiating, but x-ray just before ad- 
mission to the hospital revealed only “arthritis.” Later 
a compression fracture of a vertebra was detected. The 
ribs, sternum, and ilium shared in the tenderness, and 
erythrocytes and casts appeared in the urine. Bence- 
Jones proteinemia could not be demonstrated, but rouleau 
formation was excessive in a blood smear. Ninety-five per 
cent of intravenous congo red dye was. absorbed. The 
diagnosis was established by biopsy of a rib, and autopsy 
showed that in addition to plasmacytoma in many por- 
tions of the skeleton, mesenteric lymph node, and in the 
lung, there was a deposit of amyloid in the kidneys, liver, 
and spleen. A review of some of the literature concern- 
ing myeloma is appended. This is said to be the 4lst 
case to be reported having a coincidence of amyloid and 
myeloma. There are no photomicrographs.—E. E. S. 

Giant-Cell Tumor of Bone in a Four-Month Old 


Infant. Prorrirr, W. E., and Wyatt, O. S. [Minneapolis, 
Minn.] J. Lancet, 66:163-165. 1946. 


Case report. The only absolute diagnostic criterion is 
biopsy. The treatment remains as Bloodgood outlined it in 
1910 and has been considered until recently too radical. 
Giant-cell tumors are benign in nature——M. E. H. 
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Extradural Diploic Epidermoids Producing Uni- 
lateral Exophthalmos. Tuornuixt, E. H., and ANpERson, 
B. [Duke Hosp. and Med. Sch., Durham, N. C.] Am. J]. 
Ophth., 27:477-483. 1944. 

Extradural diploic epidermoids (apparently a cholestea- 
toma), producing unilateral exophthalmos and gradual 
loss of vision in a young woman were completely removed 
through the supraorbital approach. Photographs, roent- 
genograms, and a review of the literature are presented.— 


M. H. P. 
BLoop VEsSsELs 


Haemangioma Pontis. Autscuut, R. [Sch. of Med. Sc., 
Univ. of Saskatchewan, Saskatoon, Canada] Canad. M. A. J., 
53:465-467. 1945. 


A case is reported and a tentative explanation of the 
morphogenesis of this condition is presented.—M. E. H. 


The Clinical Significance of Hemangiomata of 
the Leg. Haynes, B. W., Jr. [Med. Coll. of Virginia, 
Richmond, Va.] Virginia M. Monthly, 73:221-223. 1946. 

Case report. Hemangiomas of the leg are important 
clinically, chiefly from the standpoint of the pathological 
physiology they engender in the cardiovascular system. 
Growth disturbances of the extremity and osteohypertrophy 
may accompany the lesion. Ligation and excision of the 
vessels connecting the mass to the general circulation is 
the treatment of choice; selected cases may require com- 
plete excision of the tumor.—M. E. H. 


Vertebral Hemangioma in Children. Kaptan, I. 
[Bellevue Hosp., New York Univ. Coll. of Med., New York, 
N. Y.] J]. Pediat., 28:498-502. 1946. 

During the past two decades, only 5 cases of bone 
hemangioma have been referred to the Radiation Therapy 
Department at Bellevue Hospital and the present case 
report is the only one in a child with vertebral involve- 
ment. Irradiation is the treatment of choice and the 
patient presented shows the favorable results of this type 
of therapy.—M. E. H. 


Uber die bésartigen Hamangiome in der Milz und 
Leber. [Malignant Hemangiomas in the Spleen and 
Liver.] Srraa, U., and NAATANEN, E. [Helsingfors Univ., 
Helsingfors, Finland] Acta path. et microbiol. Scandinav., 17: 
453-465. 1940. 

A report of a case in a 20 year old woman. The 
hemangioma in the spleen was apparently primary, and 
that in the liver, metastatic—M. H. P. 


LeuKEMiIA, LyMPHosARCOMA, HopckIn’s DIsEAsE 


Chronic Myelogenous Leukemia in Infancy. Keirn, 
H. M. Proc. Staff Meet., Mayo Clin., 19:581-582. 1944. 

The author reports a case of chronic myelogenous 
leukemia in which the onset of the disease occurred before 
the patient was three months of age. The disease lasted for 
twelve months, and was terminated by the death of the 
patient.—J. L. M. 


Coexistence d’une leucémie lymphoide et d’un 
carcinome. [Coexistence of Lymphoid Leukemia 
and Carcinoma.] Detcourr, R., and van V.I1eET, P. 
[Brussels, Belgium] Acta med. Scandinav., 119:47-56. 1944. 

In the cases reported, leukemia and adenocarcinoma, 


0 eee | 


apparently arising from the biliary passages, developed 
independently of one another.—M. H. P. 


Case of Leukemic Myelomatosis (Plasma Cel] 
Leukemia). Sgrzorc-Ontsen, A., and Niesen, O. P. [St. 
Elizabeth’s Hosp., and Copenhagen County Hosp., Copenhagen, 
Denmark] Acta med. Scandinav., 122:271-279. 1945. 

A case of leukemic myelomatosis is presented. Its clini- 
cal picture corresponded to an acute leukemic state. Differ- 
ential counts on the circulating blood and bone marrow 
showed a considerable preponderance of myeloma cells, 
Plasmaglobulin was not augmented. The myeloma cells 
are less basophilic than normal plasma cells.—Authors’ 
summary. (G. H. H.) 


The Value of Penicillin in the Control of Sepsis 
Complicating a Case of Severe Granulocytopenia 
(Aleukemic Leukemia). Kuce1, V. H., and Scunirxer, 
M. A. Ann. Int. Med., 23:1001-1006. 1945. 

A case report. Penicillin controlled bacterial infection 
of the mucous membranes during attacks of granulocy- 
topenia in a patient with aleukemic leukemia, but there 
was no evidence that the drug affected the leukemia 
per se.—J.G.K. 


Follicular Lymphoma (Brill-Symmers Disease) 
Unsuccessfully Treated with Penicillin: A Case 
Report. Drey, N. W., and Queen, F. B. [Brigham City, 
Utah] Ann. Int. Med., 23:1009-1015. 1945. 

More than 11,000,000 units of penicillin were given 
intramuscularly over a 60 day period. There was no change 
in the clinical course, and biopsies of the lymph nodes 
before and after penicillin therapy revealed no change 
in the histopathological characteristics of the lesion.— 


ps 4s... 


Leukemia Complicated by Cancer. Berk, M., 
and Movirr, E. R. [Veterans’ Administration Facility, San 
Francisco, Calif.] Am. J]. Clin. Path., 15:246-249. 1945. 

Lymphogenous leukemia as proved by blood examina- 
tions and by biopsy of a cervical lymph node, and a 
squamous cell carcinoma of the larynx with metastasis to 
an adjacent lymph node were found in a 71 year old white 


man.—J. G. K. 


Chloroma—A Clinico-Pathologic Study of Two 
Cases. Goopman, E. G., and Iverson, L. [ Duke Univ. Sch. 
of Med., Durham, N. C.] Am. J. M. Sc., 211:205-215. 1946. 

Chloroma represents a rare form of myeloblastic leu- 
kemia in which the cells show an unusual tendency toward 
tumor formation. Spectroscopic and polariscopic studies 
suggest that the green pigment is an intermediary product 
in the breakdown of hemoglobin to bilirubin —M. T. 


Two Cases of Hemolytic Anemia with Leukemoid 
Reaction of the Myeloid Type. Arey, S. L. [Minne- 
apolis, Minn.] J. Lancet, 66:166-167. 1946. 

Leukemoid reactions of the lymphatic type are seen com- 
monly in infectious mononucleosis and in pertussis. Two 
cases are presented in which during hemolytic crises the 
peripheral blood picture closely resembled that of myelog- 
enous leukemia.—M. E. H. 


The Surgical Problem of Cancer in Lymph Nodes. 
SUGARBAKER, E. D. [Ellis Fischel State Cancer Hosp., Columbia, 
Mo.] Surgery, 18:608-619. 1945. 


When clinical demonstration of node involvement exists, 
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the course generally accepted is en bloc removal of the 
node groups. The proper method of dealing with draining 
node areas in which there is no clinically demonstrable 
disease is in dispute; some recommend prophylactic dis- 
section whenever the tumor is of known metastasizing 
potentialities, and others feel that careful follow-up studies, 


with avoidance of unnecessary surgery is the procedure of 
choice.—W. A. B. 


Hodgkin’s Disease. Goipman, L. B., and Vicror, A. W. 
{Dept. of Hosps., City of New York, N. Y.] N. Y. State J]. M., 
45:1313-1318. 1945. 

The authors reported a statistical analysis of 212 cases of 
histologically proven Hodgkin’s disease (].4.M.A., 114: 
1611. 1940). Since that date their study has continued with 
an additional 107 cases, a total of 319 patients. In the previ- 
ous paper the disease with its different manifestations was 
described in detail; in this paper they emphasize the 
salient clinical features and stress the relative value of 
the various methods of treatment. In this present series 
193 patients (60%) were observed until death and 69 of 
these (32%) had complete postmortem studies. The 
following aspects of Hodgkin’s disease are discussed: 
history and physical findings, sternal node involvement, 
cutaneous manifestations, thoracic involvement, gastro- 
intestinal involvement, abdominal localization, bone in- 
volvement, blood and marrow picture, the effect of preg- 
nancy, and finally treatment.—J. L. M. 


Uveitis Associated with Hodgkin’s Disease. Re- 
port of a Case. Kame .tin, S. [Northwestern Univ. Med. 
Sch., Chicago, Ill.] Arch. Opth., 31:517-519. 1944. 


The association of uveitis with Hodgkin’s disease has 
not been reported previously. This is the report of one 
case. Whether the uveitis that accompanied Hodgkin’s 
disease in this case is due to the latter condition, or is a 
concomitant disease is not clear. The pathologic sec- 
tion of a cervical lymph node, by means of which the 
diagnosis of Hodgkin’s disease was established, and 
colored drawings of the lesions in the ocular fundi are 
well reproduced.—E. C. R. 


An Unusual Case of Hodgkin’s Disease. Second 
Report. Avery, J. W., and Warren, J. W. [Hollywood, 
Calif.] Arch. Ophth., 34:318. 1945. 


At the age of 50, a woman with Hodgkin’s disease in 
the early stages suffered involvement of the lymphatics 
in the bulbar conjunctiva of each eye. These were flat, 
reddish growths that were excised but reappeared in the 
same locations within 6 months. Roentgen radiation was 
applied, and at the present time, 5 years later, there is 
no evidence of recurrence.—E. C. R. 


Hodgkin’s Disease: 
vival. SmeEttTzeErR, C. C. 
A., 38:281-284. 1945. 

The introduction includes a brief summary of the 
characteristics of the disease as listed in textbooks. Report 
is made of the survival times given in several large series. 
Marked extremes in length of life after onset have been 
noted by many observers regardless of therapy. Two 
cases are presented as illustration of the variability of 
course; one patient who developed enlarged cervical nodes 
was dead 10 weeks later, another patient has lived 13 


Special Reference to Sur- 
[Knoxville, Tenn.] /. Tennessee M. 


years after removal of an affected node followed by 
radiotherapy. Recurrence in the latter case occurred 1 year 
ago and was treated as before.—E. E. S. 


Binocular Papilledema in a Case of Torulosis As- 
sociated with Hodgkin’s Disease. Conen, M. [New 
York, N. Y.] Arch. Ophth., 32:477-479. 1944. 

Report of an unusual case in which Hodgkin’s disease 
was associated with torulosis. The outstanding clinical 
features were pronounced binocular papilledema, and 
severe cerebral symptoms. Torula organisms were re- 
covered from the spinal fluid, and were also found in brain 
tissue at autopsy.—E. C. R. 


ADRENAL 


Hypertensive Retinopathy Associated with Ad- 
renal Medullary Tumor (Pheochromocytoma). 
Ropin, F. H. [Mount Zion Hosp., San Francisco, Calif.] Arch. 
Ophth., 34:402-407. 1945. 


Pheochromocytoma is a rare form of chromaffin tumor, 
the cells of which contain epinephrine, or an epinephrine- 
like substance. A patient with this type of tumor of the 
adrenal medulla showed changes in the retinas character- 
ized by alterations in the normal appearance of the blood 
vessels, hemorrhages, and the formation of exudate. The 
appearance of the ocular fundi returned to normal after 
surgical removal of the tumor. Fundus photographs before 


and after operation are included. This is a new clinical 
entity —E. C. R. 


PANCREAS 


Case Report of Barnes Hospital. Clinical and 
Postmortem Records Used in Weekly Clinicopatho- 
logic Conference at Barnes Hospital, St. Louis. 
Woop, W. B., Jr., and Moore, R. A., Editors. ]. Missouri M. A., 
43:391-396. 1946. 

Case 89 proved to be one of carcinoma of the islands of 
Langerhans with extensive metastases to the lungs, pleurae, 
kidneys, tissues of the anterior mediastinum, the medias- 
tinal bronchial periaortic, periportal, peripancreatic and 
pelvic lymph nodes, skull, dura, leptomeninges, ribs and 
vertebrae. Exsanguinating hemorrhage from a chronic 
ulcer at the esophageal-cardiac junction of the stomach was 
the immediate cause of death—M. E. H. 


Clinical Pathological Conference. 
Swedish Hosp., Seattle, Wash. ] 
1946. 

The case was one of adenocarcinoma of the pancreas 
arising in Wirsung’s duct and causing obstructive jaundice 
and subacute cholecystitis. The discussion centers around 
the errors in clinical diagnosis and the necessity for care- 
ful evaluation of clinical laboratory procedures.—M. E. H. 


Lunp, P. K. 
West. ]. Surg., 54:162-165. 


Islet-Cell Tumors of the Pancreas. Maxerer, S. R., 
and Bunpy, H. E. [United States Veterans Hosp., Minneapolis, 
Minn.| Surgery, 18:171-177. 1945. 


The literature is reviewed and Whipple’s triad for 
diagnosis of islet-cell tumors cited. A case is presented 
that illustrates all of these points: (1) attacks of insulin 
shock during fasting or due to an over-fatigued state, 
(2) blood sugar findings of 50 mgm.% or less, and (3) 
prompt relief by the ingestion of glucose. In the patient 
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presented, no tumor was palpable at laparotomy, but fol- 
lowing the removal of 75% of the pancreas (that portion 
to the left of the superior mesenteric vessels), all symptoms 
were relieved. In the resected area, several small nodular 
masses were found on serial section, and these proved to be 
typical islet-cell tumors.—W. A. B. 


Hypopuysis 


Slow-Growing Hypophyseal Tumor Associated 
with Hypothyroidism—A Case Report. Swartz, H. 
[Fort Dix, N. J.] N. Y. State J. M., 45:1683-1684. 1945. 

A case of slow-growing pituitary tumor associated with 
hypothyroidism is presented. The tumor was unusually 
large. Its relationship to thyroid deficiency is discussed. 
The importance of considering the endocrine glands as 
anatomic units of a single interplaying physiologic system 
is pointed out.—J. L. M. 


THYMUS 


Tumors of the Thymus in Myasthenia Gravis. 
Murray, N. A., and McDonatp, J. R. [Mayo Foundation 
and Mayo Clinic, Rochester, Minn.] Am. J. Clin. Path., 15:87- 
94. 1945. 

Fifteen cases of tumors of the thymus associated with 
myasthenia gravis were studied. Most of the growths were 
of a single histologic type being comprised of lymphocytes 
and larger pale cells with faintly acidophilic cytoplasm and 
occasional Hassal’s corpuscles. Metastases were noted in 2 
instances and direct extension into the vena cava in | case. 
The authors conclude that the incidence of myasthenia 
gravis among patients suffering from thymoma is nearly 


100%.—J. G. K. 
THYROID 


Metastatic Hypernephroma of the Thyroid. Lone, 
G. C., and Brack, B. M. Proc. Staff Meet., Mayo Clin., 20:43- 
48. 1945. ’ 

The authors report a case of hypernephroma with thyroid 
metastasis for which thyroidectomy was done. It was 
the third case observed at the Mayo Clinic over a period 
of fifty years, and the eleventh reported in the literature. 
The salient. feature was the latent period of about eight 
years between the time of nephrectomy and the first sign 
of metastasis. It appears that metastatic carcinoma of the 
thyroid occurs most frequently in glands which clinically 
are thought to be adenomatous.—J. L. M. 


Congenital Teratoma of the Thyroid. Munro, 
E. H., and WatpapFeLt, R. [St. Mary’s Hosp., Grand Junc- 
tion, Colo.] Am. J]. Surg., 64:271-275. 1944. 

Report of a case in a 4 week old male infant is presented. 
The tumor had been present at birth, and progressed in 
size until it caused conspicuous respiratory difficulty. Suc- 
cessful removal of the growth was performed when the 
infant was 6 weeks old. The nodular neoplasm was con- 
fined to the left lobe of the thyroid. All 3 germinal layers 
were represented in the tumor.—W. A. B. 


Hiirthle Cell Tumor of the Thyroid Gland in an 
Infant. Morrow, W. J. [Chicago, Ill.] Arch. Path., 40:387- 
391. 1945. 

Case report.—J. G. K. 


MIscELLANEOUS 


Cancer in Relation to Usages. Three New Types 
in India. Kuanorxar, V. R., and Suryasar, B. [Bombay, 
India] Arch. Path., 40:351-261. 1945. 

Three new types of cancer are found in different regions 
of India; namely, Bombay, Vizagapatam and Patna. They 
may be called the dhoti, chutta and khaini cancers. They 
are associated with the wearing of a light garment (the 
dhoti), smoking of a cigar (the chutta) with the lighted 
end in the mouth, and the depositing of tobacco and lime 
(khaini) behind the lower lip of the mouth. A histologic 
study of the lesions that precede the development of 2 of 
these cancers reveals a similarity in appearance between 
them and the “precancerous” stages in mice that have been 
painted experimentally with carcinogenic substances. The 
observations reported, and a review of the available ex- 
perimental literature on the subject of changes in the skin 
as a result of exposure to mechanical and thermal irritants 
lead to the conclusion that in the induction of the tumors 
described the part played by the reaction of the tissues 
that are the seat of the cancer is equal in importance to 
that played by the carcinogenic substances themselves.— 
Authors’ summary.—J. G. K. 


Desmoid Tumor. Green, C. G. [Houston, Tex.] Arch. 
Surg., 50:304-306. 1945. 

Report of a case in a 65 year old man. The tumor 
occurred on the lower part of the anterior abdominal 
wall, and histologically was diagnosed as a fibroma with 
sarcomatous changes (malignant desmoid).—W. A. B. 


Coincidental Adenomas of Islet-Cells, Parathy- 
roid Gland and Pituitary Gland. Suersurne, S. A., 
and McLaucuiin, C. W. [(M.C.) U.S.N.R.] J]. Clin. Endo- 
crinol., 5:232-234. 1945. 

A 26 year old man was observed to have hyperinsulinism 
until removal of an adenoma of the pancreatic islands 
of Langerhans. Development of renal stones and the 
recognition of supranormal levels of calcium in blood 
and urine led to the removal two years later of an 
adenoma of the parathyroid gland. The presence of a 
pituitary tumor was suggested by radiological evidence 
of erosion of the floor of the sella turcica and the clinoid 
processes and by defects of the temporal quadrant of the 
right visual field. The authors claim that their case and 
another cited in the literature represent a new clinical 
syndrome characterized by the occurrence simultaneously 
of adenomatous tumors of three endocrine glands, the 
pituitary, pancreas, and parathyroids.—J. B. H. 


Symmetrical Nodular Lipomatosis. Sicurpson, L. A. 
[Univ. of Manitoba, Winnipeg, Canada] Canad. M. A. ]., 53: 
274-275. 1945. 

This case is reported because of the large number of 
the lipomas. The tumors, varying from pea-size to orange- 
size, were on the arms, trunk, and thighs.—M. E. H. 


Dupuytren’s Contracture: Fibroma of the Palmar 
Fascia. Cray, R. C. [Johns Hopkins Hosp. and Sch. of Med., 
Baltimore, Md.] Ann. Surg., 120:224-231. 1944. 

The purpose of this paper is to show from a study of 
17 cases (15 in males and 2 in females) that Dupuytren’s 
contracture is due to a neoplasm—a cellular fibroma of the 
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palmar ascia. The predominance in males and the posi- 
ive family history given by 5 patients agrees with previ- 
ously reported data.—M. H. P. 


Infiltrating Benign Lipomas of the Extremities. 
RecAN, |. M., BickeL, W. H., and Bropers, A. C. [Mayo Clin., 
Rochester, Minn.] West. J. Surg., 54:87-93. 1946. 

Two cases are reported that form the background of 
the discussion concerning differential diagnosis, malignant 
changes, origin of the tumors, and treatment.—M. E. H. 


Tumors and Tumor Metastases in Their Relation 
to Trauma. Eprrorrar. Am. ]. Roentgenol., 55:213-214. 


1946. 
Literature is reviewed describing experiments that tend 


to demonstrate that trauma is not an active agent in 
determining the sites of tumor metastases.—E. H. Q. 


Chylangioma Cavernosum Mesenterii. Lusirz, J. M., 
and FLynn, R. W. [U. S. Marine Hosp., Chicago, IIll.] Surgery. 
18:772-777. 1945. 

Report of a case, with a review of 5 previously reported 
in the literature —W. A. B. 


STATISTICS 


A Statistical Analysis of 1,214 Cases of Carci- 
noma. McPuee, J. G., and LaCrorx, W. R. [Vancouver Gen- 
eral Hosp., Vancouver, B. C., Canada] Canad. M. A. ]., 
54:573-584. 1946. 

Of the total of 7,186 autopsies performed during the 10 
vear interval from 1934 to 1943, 1,214 were recorded as 
revealing definite evidence of malignant growth of some 
type. Eight hundred and seventy were males; 344 were 
females. A statistical analysis is presented according to sex, 
age at death, primary site of new growth, sites of metastases 
and the microscopic type of carcinoma.—M. E. H. 


Observations on Malignant Disease in Ceylon 
Based on a Study of Two Thousand Two Hundred 
and Ninety-Five Biopsies of Malignant Tumors. 
Cooray, G. H. [Univ. of Ceylon, Ceylon] Indian ]. M. Research, 
32:71. 1944. 


In a preliminary investigation regarding malignant dis- 
ease in Ceylon, an attempt has been made to make an 
analysis of the malignant tumors sent for histological ex- 
amination from various hospitals on the island to the 
Department of Pathology of the University of Ceylon 
during the 7 year period from 1936 to 1942. The total 
number of specimens examined histologically was 10,880. 
While most of these were obtained at the time of opera- 
tion, a few were postmortem specimens. The author 
includes postmortem material among biopsy reports. The 
specimens were obtained from Singhalese, Tamils, Burgh- 
ers, Moors, Europeans and Malayans. Of 2,295 malignant 
tumors, 41 were malignant melanomas. The most com- 
mon sites of the 1,815 primary carcinomas were cervix 
uteri, 316; buccal cavity, 196 (males) and 78 (females) ; 
penis, 248; breast, 5 (males) and 170 (females); skin, 
175 (males) and 71 (females). There were 32 cancers 
of the corpus uteri and 35 chorionepitheliomas. The 
author remarks upon the high incidence of the latter tu- 
mor and states that hydatidiform mole occurs commonly 
among the women of Ceylon. Three cases of cancer of 
the penis occurred between the ages of 15 and 24 and 
some references are given to the literature dealing with 


the very high incidence of this form of cancer in South- 
ern Asia. Sixty-one per cent of the skin cancers arose 
from chronic nonspecific ulcers whereas of the 23 malig- 
nant melanomas in men, all except one arose on the 
plantar surface of the foot, and of the 18 similar growths 
in women more than half arose on the same site. Eleven 
retinoblastomas were seen in children under 5.—E. L. K. 


CANCER CONTROL AND PUBLIC HEALTH 


Industrial Management and Occupational Cancer. 
Hueper, W. C. [Warner Inst. for Therapeutic Research, New 
York, N. Y.] J. da. M. A., 131:738-741. 1946. 

The rapid increase in the number of recognized and 
suspected agents causing industrial cancers makes it more 
likely that new and heretofore unsuspected carcinogenic 
substances of an industrial nature will be discovered during 
the coming years. For this reason a nationwide survey by 
skilled investigators should be made to determine the 
actual scope of the problem of industrial cancer. Represen- 
tatives of management, industrial physicians, members of 
the Public Health Service, and of departments of industrial 
hygiene, and possibly also representatives of the workers, 
should participate in such a survey.—M. E. H. 


The Widening Horizon in Cancer Education and 
Treatment in Ontario. Crozier, L. J. [Victoria Hosp., 
London, Ont., Canada] Canad. M. A. J., 54:601-602. 1946. 

The cancer campaign in Ontario coincided with those 
in Canada and the United States. It was threefold in pur- 
pose: for public education, for research, and for better 
cancer treatment facilities —M. E. H. 


Examination of the Breasts and Pelvic Organs 
in Apparently Well Women. Review of the Find- 
ings in 1,400 Women Examined at the Cancer Pre- 
vention Clinic. Wesstrer, A., Puituies, M. A., NADELHOF- 
FER, L., Ottver, M., and Parsons, E. [Chicago, Ill.] Illinois 
M. ]., 89:239-241. 1946. 

This is a review of the findings in 1,600 cases examined 
since May of 1943. Among the first 600 there were 10 
proved cases of carcinoma of the breast. In the subsequent 
1,000 no obvious carcinoma was found and of 126 women 
in whom biopsies were requested 11 were found with 
cervical erosions. Of the women on whom pelvic exami- 
nations were carried out, biopsy was advised in 13, and 
reports thus far have not indicated the presence of any 
cervical carcinoma. Uterine fibromyomas were discovered 
in 41 of these 1,000 women and in 16 surgery was indicated 
because of the size of the tumor. Since the examinations 
were carried out in apparently well women without com- 
plaints, the percentage of positive malignant growth is 
understandingly low.—M. E. H. 


Cancer Control in Saskatchewan. Davison, R. O. 
[Regina, Sask., Canada] Canad. ]. Pub. Health, 35:150-153. 
1944. 

The Saskatchewan Cancer Commission is empowered 
by legislation passed in 1930 to collect data on mortality 
and treatment, to disseminate information to aid in control 
of the disease, to provide for the establishment of clinics 
for diagnosis and radiation therapy, to obtain a supply of 
radium, and to provide facilities for the diagnosis and 
treatment of cancer for all patients. During 1932 to 1942, 
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there were 8,897 patients (cancerous, “precancerous,” and 
noncancerous) admitted to the clinics; these paid for ser- 
vices when they could, or the fees were paid by the 
municipality from which they came. At the 1944 session 
of the Saskatchewan Legislature, provision was made for 
care and treatment at the expense of the province for all 
patients who have resided there for at least 6 months im- 


mediately prior to application for admission to a clinic.— 
M. H. P. 


Cancer Prevention Clinics. MacFarvang, C. 
delphia, Pa.] Pennsylvania M. J., 48:1348-1356. 1945. 

The history of cancer prevention clinics is discussed. 
In a group of well women the author undertook to de- 
termine the value of periodic pelvic examinations in 
detecting cancer of the uterus in an early and curable stage 
or in the detection of inflammatory lesions of the cervix 
which are commonly believed to predispose to the de- 
velopment of cancer. Of 1,319 white women between the 
ages of 30 to 80 years and all presumably well, 550 have 
come regularly for routine pelvic examination twice a 
year while an additional 121 were somewhat irregular 
in their visits. Thus a total of 671 volunteers have been 
examined for a 5 year period. 


[ Phila- 


LL 


Up until December 31, 1944, 10,318 visits were made. 
during the course of which the examining physicians dis. 
covered 11 cancers. Six of these were pelvic growths, 
and 3 were breast tumors. There was | cancer of the 
parotid gland and 1 of the skin. Eleven other cancers 
developed in these women during this observation period 
and were reported to the clinic; 2 of these were in the 
pelvis, 1 was in the hip, 1 in the pancreas, | in the lung, 
| hypernephroma, 1 lymphosarcoma, and 4 malignant 
tumors of the colon. In addition to the pelvic cancers, 
832 benign lesions of the pelvic organs were discovered, 

The establishment of similar clinics in Philadelphia jp 
1944 is described. In the first 6 months, 90 examinations 
were performed, and 9 cancers found. About 40% of 
the examinees were referred to the family doctor, and 
half of these physicians failed to reply.—J. L.M. 


The Organization and Administration of a Gyn- 
ecologic Tumor Clinic. Brrcnam, C. R., and Monrt- 
GoMERY, T. L. [Temple Univ., Philadelphia, Pa.] Pennsylvania 
M. J., 48:697-700. 1945. 

The authors give a description of what may be accom. 
plished when the fields of gynecology and radiology pool 
their resources.—J. L. M. 


Correction 
Volume 6:521 (Abstracts). 1946. Thymonucleic Acids in Human Tumors. Title should be: “Nucleic Acids 


in Human Tumors.” 
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